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1.  INTRODUCTION 


1.1  Coal  as  a  Fuel  Source 

The  U.S.  Department  of  Energy  and  the  U.S.  Air  Force  have  both  recognized 
the  need  to  investigate  the  use  of  coal  as  a  source  of  liquid  fuels.  The  DOE 
has  pursued  this  goal  as  an  important  part  of  the  national  energy  policy.  The 
USAF  has  looked  at  this  source  to  insure  the  supply  of  domestical ly-available 
fuel  and  to  take  advantage  of  its  special  properties. 

The  Great  Plains  Gasification  Plant  represents  one  of  the  most  ambitious 
projects  sponsored  by  the  DOE.  The  facility  produces  more  than  125  million 
cubic  feet  per  day  of  syngas  from  North  Dakota  lignite.  As  a  by-product,  nearly 
5,000  barrels  per  day  of  liquids  are  produced.  Although  primarily  used  as 
boiler  fuel  at  the  present  time,  these  materials  may  be  a  source  of  more 
valuable  products. 

1.2  Endothermic  Fuel  Issues 

Very  high  speed  aircraft  systems  planned  for  the  future  will  require 
cooling  of  some  components.  One  source  of  a  heat  sink  is  the  fuel.  The  total 
cooling  capacity  of  the  fuel  can  be  Increased  if  the  fuel  Itself  can  be  caused 
to  undergo  an  endothermic  reaction. 

Previous  studies  have  shown  that  cycloparaffins  are  good  candidates  for 
endothermic  fuel  systems.  These  hydrocarbons  have  physical  and  chemical  proper¬ 
ties  much  like  current  jet  fuels  and,  therefore,  may  be  handled  by  conventional 
fuel  systems  and  engines.  Methyl cyclohexane  (MCH)  has  been  identified  as  a  good 


-  1  - 


choice  for  this  application.  At  temperature  levels  of  about  1,000‘’F  and  in  the 
presence  of  a  catalyst,  MCH  will  undergo  dehydrogenation  to  yield  toluene  and 
hydrogen. 

Hydrocarbons  with  ring  structures  are  potential  starting  materials  for  the 
production  of  endothermic  fuels.  Although  naphthenes  are  most  desirable,  highly 
aromatic  feeds  may  also  be  attractive  if  they  can  be  processed  to  convert  the 
aromatics  to  cycloparaffins.  The  naphtha  fraction  of  the  Great  Plains  naphtha 
stream  is  rich  in  aromatics,  which  make  it  an  attractive  target  for  the 
production  of  endothermic  fuels. 

The  operating  economics  of  the  Great  Plains  Coal  Gasification  facility  at 
Beulah,  North  Dakota  would  be  enhanced  if  high  value  materials  could  be  made 
from  the  contaminated  and  highly  aromatic  liquid  by-products. 

The  USAF  has  identified  a  need  for  a  new  fuel  for  high  speed  aircraft.  One 
essential  feature  of  this  fuel  is  that  its  molecular  structure  must  allow  a  very 
selective,  dehydrogenation  (endothermic)  reaction  to  occur.  Cycloparaffins  have 
been  identified  as  leading  candidates. 

It  is  possible  that  a  single  solution  exists  for  the  two  different  goals  of 
the  DOE  and  USAF.  The  highly  aromatic  structure  of  the  coal-derived  naphtha 
components  can  be  selectively  converted  to  cycloparaffins.  These  cycloparaffins 
may  be  good  endothermic  fuels. 
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1.3  Technical  Approach 


The  technical  approach  of  this  program  consists  of  three  main  elements: 

1.  The  raw  naphtha  was  treated  in  a  commercial -type,  two-step  procedure  to 
first  remove  the  sulfur,  nitrogen,  and  oxygen  contaminants  and  then  to 
saturate  the  aromatic  molecules. 

2.  Catalytic  dehydrogenation  experiments  were  conducted  to  determine  the 
reactivity,  stability,  and  product  yield  of  the  treated  naphtha  and  its 
fractions.  The  results  are  compared  with  pure  methyl  cyclohexane. 

3.  Process  unit  investment  costs  and  operating  expenses  were  estimated  for 
the  naphtha  treating  scheme. 

Objective 

The  objective  of  this  project  is  to  evaluate  the  potential  of  producing 
endothermic  jet  fuel  from  the  naphtha  stream  yielded  as  a  by-product  from  the 
Great  Plains  Gasification  Plant.  This  evaluation  will  include; 

(a)  the  technical  feasibility  of  producing  a  saturated,  cycloparaff inic 
product  from  the  raw  naphtha, 

(b)  determinations  of  the  reactivity  and  stability  of  the  naphtha  stream 
duri  g  endothermic  conversion  as  compared  with  methyl cyclohexane  and 
decal  in, 

(c)  an  estimate  of  the  Investment  and  operating  costs  of  producing  the 
saturated  product. 
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The  approach  to  accomplish  the  objectives  of  this  program  comprises  three 
main  elements: 

1.  naphtha  treating  to  remove  contaminants  and  saturate  aromatics, 

2.  evaluation  of  the  naphtha  and  its  components  as  endothermic  fuel, 

3.  economic  assessment. 

The  approach  in  the  first  element  comprises  two  sequential  processing  steps 
using  commercially  available  refining  technology.  Sulfur,  nitrogen,  and  oxygen 
contaminants  were  removed  by  hydrotreating.  The  target  specification  for  this 
step  was  to  reduce  the  nitrogen  content  to  less  than  1  ppm.  After  contaminant 
removal,  the  naphtha  was  treated  using  the  AH  Unibon®  process  to  reduce  the 
total  aromatic  content  to  less  than  5*.  The  product  was  then  fractionated  into 
candidate  fuels. 

The  fuel  candidates  were  evaluated  for  their  use  as  endothermic  fuel  by 
subjecting  them  to  catalytic  dehydrogenation  and  then  comparing  their  reac¬ 
tivity,  stability,  and  product  distributions  with  reference  endothermic  fuels, 
methylcyclohexane  and  decal  in. 

The  cost  of  producing  the  endothermic  fuel  from  the  raw  naphtha  was 
estimated  using  curve-type  investment  costs  and  estimates  of  operating  expenses 
based  on  commercial  experience. 


Production  and  use  of  endothermic  fuels  from  coal-derived  liquids  requires 
the  use  of  noble  metal  based  catalysts  such  as  platinum.  The  noble  metal 
catalyst  is  usually  impregnated  on  a  support  such  as  alumina.  Raw  coal  liquids 
contain  several  impurities  that  would  cause  rapid  deactivation  of  noble  metal 
catalysts.  These  impurities  are  removed  in  commercial  refineries  by  utilizing 
catalytic  hydrotreating  technology.  Sulfur-,  nitrogen-  and  oxygen-containing 
compounds  are  reacted  with  hydrogen  in  the  presence  of  a  catalyst  to  form 
hydrogen  sulfide,  ammonia,  and  water,  which  are  removed  from  the  product.  At 
the  same  time  olefins  are  converted  to  corresponding  saturates.  Generalized 
correlations  are  used  by  engineering  companies  to  predict  approximate  hydro- 
treating  process  conditions  and  catalysts.  However,  confi  'mation  of  the 
estimated  process  conditions  is  necessary  for  an  accurate  economic  analysis. 
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2.  FEEDSTOCK  PROCUREMENT  AND  ANALYSIS 


2.1  Procurement 

The  charge  stock  for  this  project  was  received  at  Allied-Signal  Engineered 
Materials  Research  Center  on  October  12,  1987,  In  two  55-gallon  drums  blanketed 
with  nitrogen  gas.  The  drums  were  placed  in  cold  storage  and  fitted  with  piping 
to  allow  liquid  withdrawal  while  maintaining  a  nitrogen  blanket. 

2.2  Analysis 

The  analysis  for  the  raw  naphtha  Is  summarized  In  Table  2-1.  Only  partial 
analyses  were  obtained  on  drum  2  material  since  the  contents  from  drum  1  were 
used  for  pilot  plant  processing.  Great  care  was  exercised  In  sampling, 
handling,  and  analysis  of  the  raw  coal  naphtha  because  of  Its  extremely 
pervasive,  loxious  odor.  The  relatively  high  density  Indicates  a  substantial 
aromatic  content  for  this  light  naphtha  mixture.  Sulfur  and  nitrogen  contents 
of  1.6  wtX  and  0.2  wtX  respectively,  a  61.4  bromine  number  and  the  9.1  diene 
value  are  characteristic  of  liquids  derived  from  thermal  treatment  of  coal.  The 
high  concentration  of  diolefins  Indicates  that  two-stage  hydrotreating  should  be 
used  to  upgrade  the  naphtha.  The  4.5  wtX  oxygen  content  may  not  be  entirely 
coal-derived  since  It  Includes  significant  amounts  of  low  boiling  solvents  such 
as  acetone  and  butanone.  The  high  concentrations  of  these  components  may  result 
from  the  Recti  sol  processing  of  the  raw  gas.  These  oxygenates  must  also  be 
removed  during  hydrotreating  to  prevent  deactivation  of  the  noble  metal,  AH 
Unibon  catalyst.  Additional  analyses  indicated  that  the  108  wt  ppm  chloride  Is 
organic  rather  than  Inorganic  In  nature.  Inorganic  chloride  would  be  objection¬ 
able  from  a  catalyst  fouling  standpoint.  Organic  chloride  also  presents  a 
problem  in  that  special  metallurgy  may  be  required  under  certain  conditions  for 
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TABLE  2-1 


Raw  Naphtha  Analysis 


DRUM  1 

_ DRUM  2 

GRAVITY,  DEGREES  API 

39.2 

40.1 

DENSITY.  G/ML 

0.8299 

0.8244 

ELEMENTAL  ANALYSIS 

CARBON.  HASS  % 

84.2 

HYDROGEN,  MASS  % 

9.8 

SULFUR.  NASS  « 

1.58 

1.66 

NITROGEN,  MASS  t 

0.20 

0.22 

OXYGEN,  MASS  % 

4.5 

CHLORINE,  MASS  PPM 

108 

IRON,  NASS  PPM 

1.3 

MANGANESE,  MASS  PPM 

<0.03 

CHROMIUM,  HASS  PPM 

<0.03 

NICKEL,  MASS  PPM 

<0.27 

MOLYBDENUM.  MASS  PPM 

<0.11 

COPPER.  MASS  PPM 

<0.03 

ZINC,  MASS  PPM 

<0.05 

TIN,  MASS  PPM 

<0.53 

LEAD.  MASS  PPM 

<0.53 

CALCIUM,  MASS  PPM 

0.43 

MAGNESIUM,  MASS  PPM 

0.10 

SODIUM.  MASS  PPM 

1.6 

ALUMINUM.  MASS  PPM 

0.16 

VANADIUM.  MASS  PPM 

<0.03 

CADMIUM,  MASS  PPM 

<0.11 

COBALT.  MASS  PPM 

<0.27 

POTASSIUM,  MASS  PPM 

<0.53 

TITANIUM,  MASS  PPM 

0.04 

STONTIUM,  MASS  PPM 

<0.01 

BARIUM.  MASS  PPM 

<0.01 

PHOSPORUS,  PPM 

<0.53 

DIENE  VALUE 

9.1 

6.8 

BROMINE  NUMBER 

61.4 

63.2 

HEPTANE  INSOL,  MASS  « 

0.01 

MERCAPTAN  S,  MASS  PPM 

6200 

ACID  NUMBER 

N/D 

EXISTENT  GUMS.  MG/lOO  ML 

UNWASHED 

103.4 

HEPTANE  WASHED 

36 

POTENTIAL  GUMS.  MG/lOO  ML 

UNWASHED 

2008 

HEPTANE  HASHED 

2015 

CARBON  RESIDUE  ON  BOTTOM 

lOl  OF 

D-86  DISTILLATION. 

HASS  % 

0.76 

DISTILLATION  (D-86) 

TEMPERATURES  IN  DECREES  C 

PERCENT  DISTILLED  (VOL) 

IBP 

47 

5 

53 

10 

60 

25 

73 

50 

85 

75 

98 

90 

126 

94  (END  POINT) 

155 

SIMULATED  DISTILLATION 

(D-3710) 

TEMPERATURES 

IN  DEGREES  C 

PERCENT  EUTTEO  (MASS) 

5 

35 

34 

10 

53 

51 

25 

83 

82 

50 

85 

84 

75 

113 

113 

90 

134 

129 

95 

151 

146 

99.5 

296 

229 
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commercial  units  to  resist  corrosion  caused  by  the  hydrochloric  acid  that  is 
produced.  Both  existent  and  potential  gums  are  high,  a  potential  cause  of  rapid 
catalyst  fouling.  The  ASTM  D-86  distillation  shows  that  6  volume  %  of  the  coal 
naphtha  was  non-disti liable.  H1gh-bo1l1ng  components  generally  lead  to  abnormal 
carbon  formation  on  the  catalyst.  The  0.76  wt%  carbon  residue  on  the  10% 
bottoms  from  distillation  Is  also  Indicative  of  high  catalyst  fouling  rates. 

The  presence  of  high-boiling  components  Is  verified  by  the  GC  simulated 
distillations. 

Properties  of  the  drum  2  liquid  are  In  reasonable  agreement  with  those  from 
drum  1.  However,  there  may  be  significant  fluctuation  In  contaminant  concentra¬ 
tions  during  commercial  operation. 

The  GC/MS  analysis,  summarized  In  Table  2-2  and  Figure  2-1,  provides  a 
semi-quantitative  component  distribution  for  the  coal  naphtha.  It  should  be 
noted  that  the  percentage  values  given  In  this  analysis  are  based  upon  the  total 
Ion  chromatograph  and  therefore  do  not  necessarily  represent  actual  concentra¬ 
tions.  Aromatics,  olefins,  diolefins,  and  paraffin  species  are  predominate. 

The  unidentified  1.3  wt%  most  likely  represent  sulfur  or  oxygenated  compounds. 
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TABLE  2-2 


GC/MS  Analysis  of  Raw  Coal  Naphtha 


tmJiSL 

I  JPF  TOTAL 

PEAK 

IDENTIFICATION 

1. 

4.8 

Methanethiol  8  8utane 

2. 

4.5 

Acetone 

3. 

4.1 

Pentane 

4. 

1.8 

1,  I-Dxmethyl  cyclopropane 

5. 

1.4 

3-Penten-I-yne 

6. 

1.0 

Isopropylene  cyclopropane 

7. 

1.5 

2>Methylpentane 

8. 

2.6 

2-Butanone 

9. 

1.8 

2-Nethylpentene 

10. 

2.8 

Hexane 

11. 

2.8 

C-6  Olefin 

12. 

0.8 

C-6  Olefin 

13. 

0.5 

C-6  Olefin 

14. 

1.8 

Methylcyclopentadiene 

15. 

19.3 

Benzene 

16. 

0.5 

No  ID 

17. 

0.5 

No  ID 

18. 

1.3 

3-Hethyl-2-Butanone 

19. 

0.7 

Cyclohexene 

20. 

0.7 

3>Pentanone 

21. 

0.3 

Dimetnylcyclorutanone 

22. 

1.3 

Heptene 

23. 

3.8 

3*Nethylhexane 

24. 

0.7 

Hexa-diene-1-ol 

25. 

0.5 

4, 4>Dimcthylcyclopentene 

26. 

0.4 

2, 2, 3-Trzmethyl-1-rutene 

27. 

0.8 

Nethylcyclohexane 

28. 

0.3 

Ethylcyclopentane 

29. 

1.0 

3-Methylnexatrzenc 

30. 

22.0 

Toluene 

31. 

0.9 

3>Methyl  thiophene 

32. 

0.5 

2-Methyl  heptane 

33. 

0.3 

No  id 

34. 

0.7 

Nethylheptene 

35. 

1.2 

Octane 

36. 

0.5 

Dimethyl  hexadiene 

37. 

0.7 

1 »  3-Propaneoithiol 

38. 

0.3 

C-9  RRANCHEO  OLEFIH 

39. 

1.7 

Ethylrenzene 

40. 

5.0 

m-Xylene 

41. 

1.0 

0-Xylene 

42. 

0.4 

Nonane 

43. 

0.3 

Zropropylrenzene 

Peak  areas  are  rased  on  mass  srectroneter  total  ionization  response. 

AND  THEREFORE  DO  NOT  NECESSARILY  CORRESPOND  DIRECTLY  TO  CONCENTRATION. 
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(Benzene)  15, 16  30,31  (Toluene) 


GC/MS  ANALYSIS  OF  RAW  COAL  NAPHTHA 


3.  NAPHTHA  HYDROTREATING 


The  primary  objective  of  the  hydrotreating  unit  Is  to  reduce  the  concentra¬ 
tion  of  nitrogen,  sulfur,  and  oxygen-containing  components  to  levels  that  will 
not  deactivate  noble-metal  based  catalysts.  However,  the  high  concentrations  of 
dienes  and  olefins  complicate  this  task.  Conjugated  diolefins  polymerize  at  the 
temperatures  required  to  economically  remove  heteroatom-contalning  compounds 
from  the  naphtha.  To  overcome  this  problem,  two-stage  hydrotreating  Is  recom¬ 
mended.  The  first  stage  of  this  process  operates  at  relatively  low  temperature. 
Under  this  condition,  the  d1 olefin  concentration  can  be  reduced  to  an  acceptable 
level  without  causing  rapid  catalyst  fouling.  The  second  stage  Is  operated  at 
higher  temperatures  to  achieve  high  conversion  of  sulfur  and  nitrogen  containing 
contaminants. 

Two-stage  hydrotreating  has  been  used  since  the  early  1950' s.  This  tech¬ 
nology  Is  particularly  useful  for  upgrading  coke  oven  light  oils  and  pyrolysis 
naphthas  Into  sulfur-  and  nitrogen-free,  saturated,  high  aromatic  content 
liquids.  These  liquids  are  separated  by  extraction  and  fractionation,  yielding 
high  purity  benzene.  The  presence  of  diolefinic  compounds  In  these  raw  feeds 
causes  excessive  coking  in  a  single-stage  reactor  preheater  operated  at 
temperatures  required  for  desulfurization,  nitrogen  conversion  to  ammonia,  and 
olefin  saturation.  Therefore,  two-stage  hydrotreating  Is  recommended  for  all 
charge  stocks  with  diene  values  greater  than  2.  The  first-stage  reactor  satur¬ 
ates  diolefins  at  low  temperatures,  eliminating  coking  of  the  heat  exchangers 
and  fired  heater  on  the  second  stage. 
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3.1  Experimental  Procedure 

The  hydrotreating  process  conditions  were  examined  by  stage.  The  first  set 
of  experiments  used  only  a  single-stage  pilot  plant  configuration  so  that  the 
conversion  kinetics  of  the  first  stage  could  be  isolated.  After  determining  the 
appropriate  process  conditions  for  the  first-stage  operation,  two  reactors  were 
used  in  series  to  evaluate  the  two-stage  process. 

The  hydrotreating  pilot  plant  is  shown  in  Figures  3-1  and  3-2.  The  two 
drums  of  Great  Plains  Gasification  Plant  naphtha  were  found  to  contain  solid 
particulates.  In  order  to  prevent  catalyst  bed  plugging,  a  two-stage  filtering 
system  employing  two,  5  micron  filters  were  Installed.  A  purging  system  was 
Installed  on  the  pilot  plant  feed  system  to  control  exposure  to  the  feedstock, 
which  has  an  intense,  disagreeable  odor. 

The  naphtha  was  metered  into  the  reactor  inlet  along  with  the  hydrogen-rich 
recycle  gas  and  enough  fresh  hydrogen  to  maintain  total  system  pressure.  The 
fresh  hydrogen  added  by  demand  was  metered  so  that  the  hydrogen  consumption 
could  be  determined.  The  combined  charge  stock  was  charged  to  either  a  single 
reactor  (first  stage)  or  two  reactors  In  series  (two  stage). 

The  reactor  effluent  was  charged  to  a  two-vessel  separation  train.  The 
existing  pilot  plant  was  modified  to  contact  all  of  the  product  with  a  3  percent 
potassium  hydroxide  solution.  This  basic  solution  dissolves  the  hydrogen 
sulfide  that  Is  produced  during  the  catalytic  conversion  of  sulfur-containing 
components.  (The  normal  configuration  of  this  pilot  plant  Is  to  charge  the 
first  separator  liquid  discharge  to  a  stripping  column.)  This  modification  was 
made  to  reduce  the  loss  of  light  hydrocarbon  products  that  would  occur  in  a 
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Coal  Naphtha  Hydrotreating  Pilot  Plant 


TOKON 


al  Naphtha  Hydrotreating  Plant:  Charge  Stock  Addition  Detail 


stripping  column.  The  liquid  product  was  weighed  to  establish  a  liquid  mass 
yield.  A  1  cubic  foot  per  hour  (CFH)  purge  was  removed  from  the  recycle  gas  to 
control  the  recycle-gas  purity  and  to  determine  the  recycle  gas  composition  and 
light  hydrocarbon  yield. 

This  raw  coal  naphtha  resembles  by-product  naphthas  from  light  oils 
produced  by  coke  oven  operations.  Coke  oven  derived  naphtha  charge  stocks  have 
similar  sulfur,  nitrogen,  oxygen,  olefin,  diolefin  and  aromatic  concentra¬ 
tions.  Other  commercially-derived  hydrotreating  charge  stocks  having  analogous 
characteristics  are  ethylene  pyrolysis  by-product  liquids,  thermal  at.d  catalytic 
cracker  naphthas,  and  direct  liquefaction  coal  liquids.  Extensive  pilot  plant 
studies  and  commercial  designs  have  been  done  on  these  similar  charge  stocks. 

3.2  First-Stage  Hydrotreat inq 

A  process  variable  study  was  conducted  on  the  Great  Plains  Gasification 
Plant  naphtha  to  confirm  the  predicted  conditions  based  on  charge  stock 
analyses. 

Process  conditions  were  varied  to  determine  the  minimum  temperature  and 
maximum  space  velocity  that  would  reduce  the  9.1  Diene  Value  below  1.0  at  1000 
psig.  Temperatures  were  varied  from  230*C  to  ZBO^C  at  relative  feed  rates  of  1, 
2  and  3.  A  summary  of  the  process  conditions  and  product  analyses  is  given  in 
Table  3-1.  As  expected,  the  lowest  diene  values  were  obtained  at  the  lowest 
feed  rates.  However,  in  order  to  simulate  probable  commercial  conditions,  the 
highest  feed  rate  was  employed  In  the  two-stage  pilot  plant  run.  A  significant 
degree  of  desulfurization  was  observed  In  the  first  stage  reactor  study. 
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TABLE  3-1  Process  Conditions  and  Product  Analyses 
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The  large  number  of  sulfur,  nitrogen,  and  oxygen-containing  compounds 
present  in  the  raw  coal  naphtha  complicates  the  kinetic  analysis.  However,  the 
observed  conversion  rates  are  quite  consistent  with  predictions  based  upon 
studies  with  other  coal-derived  liquids.  From  other  work  on  coal,  shale  oil, 

i 

and  tar  sands  liquids,  sulfur  removal  probably  occurs  in  two  consecutive  first 
order  reactions  and  nitrogen  follows  approximately  first  to  1.5  order  kinetics. 

This  experiment  demonstrates  that  olefin  and  diolefin  concentrations  can  be 
reduced  to  acceptable  levels  in  the  first  stage  of  a  hydrotreating  unit.  It 
also  demonstrates  that  partial  conversion  of  sulfur-containing  components  will 
occur  in  the  first-stage  hydrotreating  reactor. 

\ 

3.3  Two-Stage  Hydrotreating 

A  second  reactor  was  placed  in  service  for  this  portion  of  the  program. 

The  objectives  were  to  verify  that  the  predicted  process  conditions  produce  an 
acceptable  product  and  to  produce  50  gallons  hydrotreated  naphtha  product.  The 
entire  run  was  conducted  at  a  constant  space  velocity.  The  temperature  of  the 
second  reactor  was  varied  from  365°C  to  395°C  as  needed  to  maintain  the  liquid 
product  sulfur  concentration  to  below  six  weight  parts  per  million.  A  detailed 
process  summary  is  given  in  Appendix  A. 

The  analytical  results  are  summarized  in  Table  3-2.  These  results  verify 
that  high  conversions  of  sulfur  and  nitrogen-containing  compounds  were  achieved. 
Feed  nitrogen  was  reduced  to  well  below  1  ppm,  but  sulfur  varied  from  1-3  ppm. 
This  desulfurization  limit  m^  be  limited  by  equilibrium  of  H2S  and  trace 
olefins  at  the  reactor  outlet.  In  a  commercial  operation,  a  lower  temperature 
zone  at  the  end  of  the  reactor  train  or  inter-stage  basic  scrubbing  to  remove 
hydrogen  sulfide  from  the  gas  phase  would  be  used  to  further  reduce  the  sulfur 
concentration  of  the  product. 


17  - 


TABLE  3-2 

Analytical  Summary  for  Two-Stage  Hydrotreating  Run 


REFERENCE:  536  RUN  823 


AVERAGE  HOURS  ON  STREAM 

24 

48 

80 

112 

168 

204 

264 

312 

PERIOD  NUMBER 

3 

5 

8 

11 

14 

16 

18 

20 

INTERSTAGE  SULFUR,  MASS  « 
PRODUCT  ANALYSIS 

0.39 

0.44 

0.09 

0.56 

0.62 

0.61 

0.71 

0.77 

CARBON,  MASS  % 

87.1 

85.7 

85.5 

87.0 

85.6 

87.2 

87.6 

HYDROGEN,  MASS  « 

11.0 

10.8 

10.6 

10.9 

10.8 

10.7 

10.9 

11.0 

SULFUR,  MASS  PPM 

4.3 

2.6 

2.6 

4.9 

4.6 

7.4 

3.0 

3.0 

NITROGEN,  MASS  PPM 

1.3 

0.3 

0.3 

0.3 

0.2 

0.1 

0.1 

0.1 

BROMINE  NUMBER 

0.9 

0.8 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

SIMULATED  DISTILLATION 

(D-3710) 

TEMPERATURES 

IN  DEGREES  C 

PERCENT  ELUTED 

5 

27 

27 

36 

25 

20 

21 

34 

36 

10 

56 

57 

58 

57 

54 

54 

58 

59 

25 

83 

83 

83 

83 

82 

82 

83 

83 

50 

85 

85 

85 

85 

85 

85 

86 

86 

75 

112 

112 

113 

112 

111 

112 

113 

113 

90 

117 

116 

117 

116 

116 

120 

118 

124 

95 

140 

139 

140 

140 

139 

140 

140 

141 

99.5 

215 

203 

201 

195 

202 

233 

178 

271 

AVERAGE  HOURS  ON  STREAM 

360 

408 

456 

504 

552 

600 

648 

696 

PERIOD  NUMBER 

22 

24 

26 

28 

30 

32 

34 

36 

INTERSTAGE  SULFUR,  MASS  % 
PRODUCT  ANALYSIS 

0.77 

0.73 

0.61 

0.71 

0.94 

0.75 

0.7 

0.79 

CARBON,  NASS  % 

88.1 

86.2 

87.3 

87,4 

86.1 

86.9 

86.9 

86.6 

HYDROGEN,  NASS  « 

11.0 

10.8 

10.9 

10.9 

10.9 

11.3 

11.4 

11.5 

SULFUR,  NASS  PPM 

3.5 

4.4 

1.5 

1.2 

7.6 

1.5 

2.8 

1.5 

NITROGEN,  HASS  PPM 

0.1 

0.1 

0.1 

0.1 

0.1 

0.4 

0.2 

0.1 

BROMINE  NUMBER 

1.0 

1.0 

1.0 

1.0 

1.0 

0.9 

0.9 

0.9 

SIMULATED  DISTILLATION 

(D-3710) 

TEMPERATURES 

IN  DEGREES  C 

PERCENT  ELUTED 

5 

35 

34 

35 

28 

35 

34 

35 

36 

10 

58 

58 

59 

57 

58 

57 

58 

58 

25 

83 

83 

83 

83 

83 

83 

83 

83 

50 

85 

85 

86 

86 

86 

86 

86 

85 

75 

113 

113 

113 

113 

113 

113 

113 

113 

90 

120 

120 

121 

120 

120 

119 

122 

119 

95 

140 

140 

141 

141 

140 

140 

141 

140 

99.5 

194 

196 

211 

212 

190 

192 

272 

194 

AVERAGE  HOURS  ON  STREAM 

792 

888 

984 

1080 

PERIOD  NUMBER 

40 

44 

48 

52 

INTERSTAGE  SULFUR,  MASS  % 
PRODUCT  ANALYSIS 

0.77 

0.77 

0.94 

CARBON,  MASS  % 

86.6 

87.0 

HYDROGEN,  HASS  t 

11.3 

12.1 

SULFUR,  MASS  PPM 

1.8 

1.3 

1.6 

2.4 

NITROGEN,  NASS  PPM 

0.1 

0.3 

0.1 

0.1 

BROMINE  NUMBER 

1.0 

1.0 

1.0 

1.0 

SIMULATED  DISTILLATION 

(D-3710) 

TEMPERATURES 

IN  DECREES  C 

PERCENT  ELUTED 

5 

35 

35 

35 

34 

10 

58 

57 

59 

57 

25 

83 

83 

82 

82 

50 

85 

85 

85 

84 

75 

112 

112 

112 

112 

90 

125 

121 

121 

117 

95 

141 

140 

140 

139 

99.5 

328 

254 

204 

195 
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The  two-stage  hydrotreating  run  was  continued  for  a  time  sufficient  for  the 
production  of  approximately  50  gallons  of  product.  The  Individual  hydrocarbon 
products  from  the  two-stage  pilot  plant  run  (Pilot  Plant  638,  Run  823)  were 
blended  into  a  55-gallon  drum,  which  was  labeled  5740-55.  The  analysis  of  this 
blend  Is  summarized  In  Tables  3-3  and  3-4.  This  blend  will  be  used  as  a  charge 
stock  for  the  preparation  of  endothermic  fuel  candidates  during  the  next  part  of 
the  program. 

A  sem1 -quantitative  6C/MS  analysis  of  the  hydrotreated  naphtha  blend  Is 
shown  In  Figure  3-3.  Significant  cyclohexane  and  methylcyclohexane  concen¬ 
trations  Indicate  that  partial  hydrogenation  of  benzene  and  toluene  occurred 
during  hydrotreating.  The  area-percent-based  concentrations  from  the  GC/MS 
analysis  are  summarized  In  Table  3-5.  These  values  should  be  regarded  as  only 
sem1-quant1tat1ve  because  the  sensitivity  coefficients  may  vary  substantially. 
The  quantitative  hydrocarbon  distribution  obtained  by  GC  analysis  given  In  Table 
3-4  shows  the  following  yield  structure:  aromatics,  60.2%;  paraffins,  22.4%; 
and  naphthenes,  18.1%. 

The  product  distribution  for  a  typical  period  shows  a  yield  corresponding 
to  1.7%  hydrogen  sulfide,  5.1%  water,  91%  liquid  product,  and  2.1%  hydrocarbon 
gas. 


Two-stage  hydrotreating  was  found  to  be  effective  in  reducing  the  hetero¬ 
compounds,  diolefins,  and  olefins  in  the  raw  coal  naphtha,  producing  a  saturated 
liquid  product  suitable  for  further  processing  with  noble  metal  catalysts. 
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TABLE  3-3 


Analysis  of  Hydrotreated  Naphtha  Blend 


REFERENCE  5740-55 

ELEMENTAL  ANALYSIS 

CARBON,  MASS  % 

86.7 

HYDROGEN,  MASS  % 

11.1 

SULFUR,  MASS  PPM 

2.6 

NITROGEN,  MASS  PPM 

0.2 

OXYGEN,  WT  % 

>0.1 

GRAVITY,  DEGREES  API 

45.3 

DENSITY,  G/ML 

0.8003 

WATER,  MASS  PPM 

44 

DISTILLATION  (D-86) 

TEMPERATURES  IN  DEGREES  C 


PERCENT  ELUTED  (VOL) 


1 

51 

5 

60 

10 

67 

25 

75 

50 

82 

75 

92 

90 

111 

95 

131 

FBP  (96.0) 

150 

SIMULATED  DISTILLATION  (D-3710)  TEMPERATURES  IN  DEGREES  C 


PERCENT  ELUTED  (MASS) 


5 

35 

10 

57 

25 

83 

50 

86 

75 

114 

90 

126 

95 

141 

99.5 

212 
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TABLE  3-4 


Hydrocarbon  Analysis  of  Hydrotreated  Naphtha 


Sample  Idcntxfzcatxon:  224 

Descrxptxon: 

P536  R823 

Reference:  5740-55 

B5740  55 

ABPMAIICS 

vmjt 

LB 

Benzene 

40.9 

36.9 

Toluene 

15.0 

13.7 

Ethylienzene 

0.8 

0.7 

p-Xylene 

0.6 

3.6 

m-Xylene 

( 

D.5 

5.3 

o-Xylene 

3.5 

Cumene 

D.O 

5.0 

n-Propylbenzene 

0.0 

[).0 

I-Methyl-4-ethylbenzene 

0.2 

0.2 

I-Mcthyl-3-ethylbenzenc 

0.4 

1 

0.3 

tert-Butylbenzene 

0.0 

1 

0.0 

ISOBUTYLBENZENE 

0.0 

1 

0.0 

1,3, 5-Trxmethylbenzene 

0.1 

1 

0.1 

sec-Butylbenzene 

0.0 

0.0 

Styrene 

0.0 

0.0 

1-Hethyl-2-ethylbenzene 

0.1 

0.1 

I-Methyl-3-zsopropylbenzene 

0.0 

0.0 

I-Methyl-4-zsopropylbenzene 

0.0 

0.0 

1,2, 4-Trxmethylbenzene 

0.0 

0.0 

1 , 3-Dxmethylbenzene 

0.0 

0.0 

I-Methyl-2-zsopropylbenzene 

0.0 

0.0 

1-Hethyl-3-n-propylbenzene 

0.0 

1 

0.0 

I-Methyl-4-n-propylbenzene 

0.0 

0.0 

1 , 4-DX  ETHYLBENZENE 

0.0 

0.0 

n-Butylbenzene 

0.0 

0.0 

1, 3-DXMETHYL-5-ETHYLBENZENE 

0.0 

0.0 

1,2-Dxethylbenzene 

0.0 

0.0 

I-Metnyl-2-n-propylbenzene 

0.0 

0.0 

1 , 2, 3-Trxmetmylbenzene 

0.0 

0.0 

1 , 4-0XMETNYL-2-ETHYLBENZENE 

0.0 

0.0 

1, 3-DXMETHYL-4-ETHYLBENZENE 

0.0 

0.0 

1, 2-0XMETHYL-4-ETHYLBENZENE 

0.0 

0.0 

Indane 

0.1 

Q.l 

1 , 3-0xmethyl-2-etmylbenzene 

0.0 

1 

0.0 

1, 2-DXMETHYL-3-ETHYLBENZENE 

0.0 

0.0 

1,2.4, 5-Tetramethylbenzbnb 

0.0 

0.0 

1,2,3, 5-Tetramethylbenzene 

0.0 

0.0 

1.2,3 . 4-Tetrametnylbenzene 

0.0 

0.0 

Cll4  Aromatxcs 

JLO 

JLil 

TOTAL  AROMATICS: 

60.2 

54.5 
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TABLE  3-4 


Hydrocarbon  Analysis  of  Hydrotreated  Naphtha  (Continued) 


PARAFFINS  AND  NAPHTHE^iES 


Propane 

ISOBUTANE 

n-Butanc 

ZSO-PENTANE 

n*Pentane 

Cyclopcntane 

Cc  Isoparaffins 
n-Hexane 

Hethylcyclopentane 

Cyclohexane 

C7  Isoparaffins 
n-Heptane 
C7  Cyclopentanes 
Metmylcyclohexane 

Cfl  Isoparaffins 
n -Octane 

Cg  Cyclopentanes 
Cg  Cyclohexanes 

Co  Naphthenes 
Co  Paraffins 
Cin  Naphthenes 
Cin  Paraffins 
CiT  Naphthenes 
C21  Paraffins 


TOTAL  PARAFFINS 
TOTAL  NAPHTHENES 


NASSJk 

LO 

0.5 

0.8 

0.1 

0.2 

1.9 

2.6 

2.2 

2.7 

3.0 

3.9 

1.6 

1.7 

3.1 

3.8 

3.7 

4.4 

3.6 

3.R 

3.1 

3.2 

1.5 

1.7 

2.9 

3.4 

3.0 

3.1 

2.1 

2.2 

0.9 

1.0 

1.3 

1.5 

1.2 

1.2 

1.1 

1.2 

1.1 

1.1 

0.8 

0.9 

0.3 

0.3 

0.3 

0.3 

0.1 

0.1 

0.1 

0.1 

22.4 

27.4 

17.4 

18.1 
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(MCH) 
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ANALYSIS  OF  THE  HYDROTREATED  COAL  NAPHTHA 


TABLE  3-5 


Hydrotreated  Naphtha 


PEAK  NO. 

%  OF.IOIAL 

1. 

4.2 

2. 

1.5 

3. 

3.9 

4. 

3.4 

5. 

.8 

6. 

4.3 

7. 

4.5 

8. 

12.1 

9. 

10.0 

10. 

4.5 

11. 

1.4 

12. 

1.0 

13. 

1.5 

14. 

1.0 

15. 

5.5 

16. 

4.5 

17. 

1.4 

18. 

18.1 

19. 

0.4 

20. 

0.8 

21. 

0.8 

22. 

0.5 

23. 

0.8 

24. 

2.3 

25. 

0.5 

26. 

0.5 

27. 

1.5 

28. 

4.0 

29. 

0.3 

30. 

0.3 

PEAK 

IDENTIFICATION 

Butane 

1- Methyl»2-propen-1-ol 
Pentane 
Cyclopentane 

C  6  PARAFFIN 

3*Nethyl  pentane 

C  6  OLEFIN 

Benzene 

Benzene 

Cyclohexane 

Dihethylpentane 

Hethylhexane 

Dihethylcyclopentane 

Dimethylcyclopentane 

Heptane 

Methylcyclohexane 

Ethylcyclopentane 

Toluene 

Ethylmethylpentane 

2- Methylheptane 
Dimethylcyclohexane 
Ethylmethylcyclopentane 
Ethylmethylcyclopentane 
Octane 

Dimethylnexane 

Trinethylcyclohexane 

Ethylrenzene 

x-Xylene 

O'XyLENE 

Nonane 


Cyclopentanes  8.8% 

Cyclohexanes  9.5% 

Peak  areas  are  rased  on  mass  spectrometer  total  ionization  response, 

AND  THEREFORE  DO  NOT  NECESSARILY  CORRESPOND  DIRECTLY  TO  CONCENTRATION. 
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4.  AROMATIC  HYDROGENATION 


In  order  to  produce  an  endothermic  fuel  capable  of  undergoing  highly 
endothermic  reactions  to  provide  cooling  capacity  for  high  speed  flight,  it  is 
necessary  to  convert  the  aromatic  components  of  the  hydrotreated  coal  naphtha 
into  cycloalkanes  (naphthenes).  This  is  accomplished  by  the  catalytic, 
selective,  addition  of  hydrogen  to  the  aromatic  ring  systems  using  a  supported 
platinum  catalyst  at  elevated  temperature  and  pressure. 

Aromatics  saturation  technology  is  utilized  on  a  commercial  scale  through¬ 
out  the  world  for  the  following  purposes: 

1.  Convert  aromatics  in  diesel  fuels  to  corresponding  cyclic  saturates  for 
cetane  number  improvement. 

2.  Saturate  aromatics  in  kerosine  fractions  to  provide  superior  jet  fuel 
blending  components. 

3.  Saturate  low  concentrations  of  aromatics  in  normal  paraffin  extracts 
for  food  grade  quality. 

The  objectives  of  the  aromatic  saturation  task  were  three-fold: 

1.  Obtain  99X  conversion  of  aromatics  to  corresponding  naphthenes. 

2.  Produce  25  gallons  of  saturated  product  to  be  fractionated  into  cuts 
containing  specific  naphthenic  compounds.  These  fractions  will  be 
evaluated  as  endothermic  fuel  candidates. 
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3.  Provide  accurate  yield  estimate  data  for  cost  assessment. 


4.1  Experimental  Procedure 

The  pilot  plant  configuration  employed  in  this  work  is  summarized  in  Figure 
4-1.  The  charge  stock  was  treated  with  a  reactive,  high-surface-area,  sodium/ 
alumina  guard  bed  before  the  reactor  to  remove  any  residual  water  and  sulfur 
compounds.  This  procedure  is  not  necessary  in  commercial  plants,  where  a  more 
complete  removal  of  water  and  conversion  of  sulfur-containing  compounds  would  be 
established.  The  reactor  effluent  was  cooled  and  charged  to  a  high  pressure 
separator  to  disengage  the  hydrogen-rich  recycle  gas  from  the  liquid  product. 
Approximately  75<  of  the  cool,  liquid  product  was  recycled  to  the  reactor  inlet 
to  control  the  temperature  increase  caused  by  the  high  heat  of  reaction  gener¬ 
ated  by  the  saturation  of  aromatics.  Also,  the  catalyst  bed  was  diluted  with 
inert  alpha  alumina  granules  to  improve  heat  transfer  characteristics.  An 
on-line  gas  chromatograph  provided  rapid  product  analyses  for  benzene,  toluene 
and  xylenes  concentrations.  The  hydrocarbon  product  was  charged  to  a  debutani¬ 
zer  column  to  remove  trace  amounts  of  light  hydrocarbon  gas  and  to  stabilize  the 
liquid  product. 

4.2  Process  Variable  Study 

The  process  variable  study  was  conducted  to  establish  the  proper  reactor 
size  and  reaction  conditions  for  this  task.  A  simulated  commercial  charge  stock 
was  prepared  by  diluting  1  volume  of  the  two-stage  hydrotreating  product  from 
the  production  run  with  4  volumes  of  product  from  the  aromatic  hydrogenation 
production  run  described  in  section  4.3.  The  simulated  commercial  charge  stock 
was  used  so  that  the  most  accurate  estimate  could  be  made  without  the  need  to 
build  up  a  steady-state  liquid  recycle  stream. 
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PLANT  638  RH  UNIBON 


Figure  ^-1  Plant  638  AH  Unibon 


The  results  from  this  experiment  are  summarized  in  Table  4-1  and  Figures 
4-2  through  4-4.  The  variable  study  was  conducted  using  temperatures  from  65- 
pressures  from  500-800  psig,  and  a  constant  3,000  SCF/B  gas  recycle  rate. 

The  plots  of  product  benzene  and  toluene  concentrations  shown  in  Figures 
4-2  and  4-3  show  that  hydrogenation  proceeded  rapidly,  attaining  virtually 
complete  removal  at  120° C.  The  reaction  was  found  to  proceed  very  quickly  at 
all  of  the  conditions  surveyed. 

The  measured  hydrogen  consumption  is  compared  to  the  value  calculated  based 
upon  saturation  of  the  aromatic  rings  in  Figure  4-4.  The  higher  value  for  the 
measured  hydrogen  consumption  is  caused  by  some  side  reactions,  solubility,  and 
the  hydrogenation  of  higher  molecular  weight  aromatics. 

Although  xylene  conversion  was  apparently  incomplete,  these  results  are 
uncertain  because  of  the  low  xylene  concentration  in  the  fuel. 

Results  of  the  process  variable  study  indicate  that: 

1.  High  conversion  of  aromatic  compounds  to  the  saturated  homologues  can 
be  achieved  at  temperatures  as  low  as  120°C. 

2.  Commercially  attractive  space  velocities  can  be  employed  for  this 
purpose. 
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Table  4-1 


SUMMARY  OF  COAL  NAPHTHA  VARIABLE  STUDY 


Plant  638  Run  #746 

Feed:  Hydrotreated  Coal  Naphtha  Blend 


Charge  Stock  Analysis 
Benzene  9.8  mass  % 

Toluene  3.4  mass  % 

p+m-Xylene  0.091  mass  % 

o-Xylene  0.079  mass  % 


Period 

1 

2 

3 

4 

5 

6 

7 

Relative  Feed  Rate 

1.00 

0.98 

1.00 

0.50 

0.49 

0.50 

1.03 

Block  Temp,  “C 

66 

120.5 

149 

65.5 

122.5 

176 

74 

Cat.  Outlet  Temp,  °C 

69 

121 

146.5 

67 

121.5 

177 

68 

Mass  Balance,  % 

101 

100 

100 

111 

101 

96 

98 

Pressure,  psig 

500 

495 

497.5 

800 

797.5 

800 

805 

GC  Analysis 

Benzene 

2.980 

0.000 

0.000 

3.312 

0.081 

0.000 

1.498 

Toluene 

1.130 

0.000 

0.000 

0.457 

0.017 

0.037 

0.604 

p+m- Xylene 

0.133 

0.177 

0.165 

0.073 

0.137 

0.190 

0.156 

o-Xylene 

0.064 

0.081 

0.091 

0.049 

0.071 

0.099 

0.084 

Liq.  In/Out 

Total  Feed,  grams 

160 

157 

160 

80 

78 

79 

165 

Liq.  Prod.,  grams 

164 

159 

160 

92 

80 

79 

164 
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Table  4-1  continued 

SUMMARY  OF  COAL  NAPHTHA  VARIABLE  STUDY 


Plant  638  Run  #746 

Feed:  Hydrotreated  Coal  Naphtha  Blend 


Charge  Stock  Analysis 


Benzene 

Toluene 

p-Hn-Xylene 

o-Xylene 


9.8  mass  % 
3.4  mass  % 
0.091  mass  % 
0.079  mass  % 


Period 

8 

9 

10 

11 

12 

13 

14 

15 

Relative  Feed  Rate 

0.98 

1.15 

1.05 

1.45 

1.50 

1.62 

1.54 

1.50 

Block  Temp,  "C 

93 

121 

148.5 

178.5 

66 

93 

121 

149.5 

Cat.  Outlet  Temp,  °C 

98.5 

125 

143.5 

170 

72 

106.5 

127.5 

152 

Mass  Balance,  % 

92 

96 

99 

103 

92 

97 

101 

98 

Pressure,  psig 

800 

800 

800 

805 

795 

800 

800 

797.5 

GC  Analysis 

Benzene 

0.222 

0.000 

0.000 

0.000 

5.923 

0.755 

0.035 

0.028 

Toluene 

0.137 

0.000 

0.000 

0.000 

2.101 

0.340 

0.028 

0.063 

p-Hn-Xylene 

0.195 

0.188 

0.184 

0.191 

0.121 

0.158 

0.100 

0.100 

o-Xylene 

0.081 

0.096 

0.082 

0.094 

0.050 

0.069 

0.028 

0.028 
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VOL%  BENZENE 


TEMPERATURE,  °C 


FIGURE  4-2 

BENZENE  HYENKKaENATION  CONVERSION 

SOOpsig 
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100 


110 


120 


130 


TEMPERATURE,  ®C 


FIGURE  4-3 

TOLUENE  HYDROGENATION  CONVERSION 

SOOpsIg 
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CONSUMPTION  SCFB 


WT%  BENZENE  &  TOLUENE  IN  PRODUCT 


FIGURE  4-4 

HYDROGEN  CONSUMPTION  IN  AH  UNISON  PROCESS 

VARIABLE  STUDY 
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4.3  Production  Run 


The  objective  of  this  subtask  was  to  produce  25  gallons  of  a  highly 
naphthenic  naphtha  to  be  used  for  subsequent  fractionation  into  endothermic  fuel 
candidates. 

A  laboratory  analysis  of  the  liquid  product  is  given  in  Table  4-2. 

Results  of  the  production  run  are  shown  in  Figure  4-5  and  In  Appendix  A. 
On-line  gas  chromatography  analytical  Instrumentation  was  employed  to  track  the 
benzene  and  toluene  concentrations  in  the  product.  As  reactor  temperature  was 
Increased,  total  aromatics  contents  decreased,  reaching  less  than  IIS  at  320°C. 
Hydrogen  consumption  averaged  2,000  SCF/B. 

A  typical  analysis  provided  by  the  on-line  GC  is  shown  in  Table  4-3, 
Benzene  and  toluene  conversions  were  99%+.  ^8+  aromatics  (less  than  5  mass-% 

In  the  feed)  conversion  was  about  94%.  In  a  later,  separate  operation,  mixed 
xylenes  were  processed  in  the  same  pilot  plant  unit.  High  conversions  were 
obtained  at  a  temperature  of  375‘’C. 

Hydrogen  purity  of  the  recycled  gas  was  exceptionally  high  as  shown  in 
Table  4-3.  A  debutanizer  overhead  gas  analysis  given  In  Table  4-5  shows  that 
a  small  amount  of  C3-C5  hydrocarbons  retained  In  the  liquid  from  two-stage 
hydrotreating  was  stripped  out  In  the  AH  operation. 

Additional  gas  chromatography  analyses  on  the  Individual  period  samples 
run  In  the  laboratory  are  given  in  Appendix  A. 
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TABLE  4-2 


Saturated  Product 
EMRC  Research  Center 

Gas  Chromatography  Laboratory  Des  Plaines,  Illinois 
Plant  #638  Run  #744  Period  #17 


690  Cg_ 

Component 

Mass  % 

ICS 

0.9 

NC5 

2.6 

CP 

1.4 

2.3DMC4 

0.3 

2MC5 

1.7 

3MC5 

0.9 

NC6 

3.5 

MCP 

3.5 

Cyclohexane 

49.5 

2MC6 

0.4 

2.3DMC5 

0.3 

I.IOMCP 

0.1 

3MC6 

0.6 

1C3DMCP 

0.4 

1T3DMCP 

0.4 

1T2DMCP 

0.8 

NC7 

2.8 

MCH  +  1C2DMCP 

18.4 

ECP 

0.8 

1T2C4TMCP 

0.2 

1T2C3TMCP 

0.1 

2M3EC5 

0.2 

2MC7 

0.4 

4MC7 

0.1 

3MC7 

0.1 

3EC6  +  1C3DMCH  +  1C2T3TMCP 

1.5 

1T4DMCH 

0.5 

1MT3ECP 

0.2 

1MC3ECP 

0.2 

1MT2ECP 

0.2 

1T2DMCH 

0.5 

NC8  +  C1.4  +  T1.3DMCH 

2.0 

IC3CP 

0.1 

1C20MCH 

0.2 

ECH  +  NC3CP 

1.2 

HEAVIES 

ijg 

TOTAL 

100.0 
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FIGURE  4-6 

AROMATICS  SATURATION  PRODUCTION  SUMMARY 
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TABLE  4-3 


Typical  On-Line  Chromatogram 


tULE  I 

fftOCUttD  MTA  nU:  miii  M  CM  XI 

MAY  11,  !•••  U:1S:X« 

tWOMT:  U12  CHAmU.:  XS  •  MAKS: 


•ss  run  K  X  •  uquio 


MAK 

■T 

STM 

rACTOK 

AUA 

JULSt-t  MAMK 

1 

1.75 

1.75 

1.00000 

447  St 

.207  Cl 

K 

s.tt 

S.tt 

1.00000 

tot  KV 

.004  104 

X 

l.tt 

S.tt 

1.00000 

1130  vs 

1.411  MCA 

4 

4.12 

A. 12 

1.00000 

4021  tt 

1.044  lei 

S 

4.4t 

4.44 

1.00000 

SMS  Tt 

2.714  MCI 

A 

S.14 

S.14 

1.00000 

7274  tt 

1.137  CMSlONMlMr 

7 

s.ss 

1.14 

1.00000 

t044  Vt 

.047  SHF 

0 

s.st 

•5.54 

1.00000 

7377  tt 

1.142  «MU 

• 

t.l2 

4.12 

l.OwOOO 

747t  tt 

1.420  MCr 

10 

t.fO 

4.00 

1.00000 

101002  tv 

44.7X1  CTClOMnAMK 

11 

7. OS 

0.00 

1.00000 

1714  TV 

1.722 

12 

7. It 

0.00 

1.00000 

ltt2  vt 

.200 

IS 

7.47 

0.00 

1.00000 

too  tv 

.413 

lA 

7.S« 

0.00 

1.00000 

014  TV 

.123 

IS 

7.44 

0.00 

1.00000 

Itoo  Tt 

.S25 

It 

7.44 

•7.44 

1.00000 

St07  tt 

2.443  MCI 

17 

t.ts 

S.t2 

1.00000 

10033  tv 

17. SOS  MCH 

It 

f.lt 

0.00 

1.00000 

17t0  vt 

.414 

It 

t.4t 
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TABLE  A-A 


Aromatic  SATURATinw 
RECYCLE  GAS  ANALYSIS 
PLANT  #638.  RUN  7AA,  PERIOD  17 

I 

VOLUME 


COMPONENT 

PERCENT 

Hydrogen 

99.3 

Propane 

0.2 

Normal  Butane 

0.1 

Iso-Pentane 

0.1 

Normal  Pentane 

0.2 

Heavies 

0.2 

TOTALS 

100.0 
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TABLE  4-5 


Aromatic  Saturation 
DEBUTANIZER  OVERHEAD  GAS  ANALYSIS 
PLANT  #638.  RUN  744.  PERIOD  17 

VOLUME 


COMPONENT 

PERCENT 

Hydrogen 

1.8 

Ethane 

0.1 

Propane 

13.8 

Iso-Butane 

3.9 

Normal  Butane 

51.9 

Iso-Pentane 

27.4 

Normal  Pentane 

1.1 

TOTALS 

100.0 
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5.  FRACTIONATION 


The  25  gallons  of  bulk  product  from  the  AH  Unibon  production  run  were 
fractionated  in  several  batches  using  a  3- inch-diameter  Oldershaw  laboratory 
column.  Reflux  ratio  was  varied  from  5:1  to  10:1.  The  various  cuts  were 
blended  to  produce  the  candidate  endothermic  fuels. 

The  predominant  compounds  of  interest  in  the  bulk  AH  product  are  cyclo¬ 
hexane,  methyl cyclohexane,  and  dimethylcyclohexane.  The  fractionation  column 
was  adjusted  to  provide  samples  with  the  following  fuel  candidates: 

Fuel  Candidate  1  Cyclohexane  -  End  Point 


This  fuel,  which  will  represent  the  low  cost  option,  was  prepared  by  simply 
removing  the  light  hydrocarbons  boiling  below  72°C. 

Fuel  Candidate  2  Cyclohexane  -  Methylcyclohexane 

This  fraction  was  prepared  to  Include  cyclohexane  and  methylcyclohexane  and 
all  components  that  boil  with  or  between  these  components.  Cut  tempera¬ 
tures  of  72°Z  and  101°C  were  specified. 

Fuel  Candidate  3  Cyclohexane  -  Dimethylcyclohexane 

The  fraction  includes  the  naphtha  cut  boiling  between  cyclohexane  and 
dimethylcyclohexane.  The  difference  between  this  candidate  and  fuel 
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candidate  1  is  removal  of  the  heavy  ends.  Fractionation  cuts  temperatures 
of  72°C  and  136°C  were  specified. 

Fuel  Candidate  4  Methyl cyclohexane  -  Dimethylcyclohexane 

This  candidate  Includes  the  naphtha  cut  boiling  between  methyl cyclohexane 
and  the  dimethylcyclohexanes.  The  difference  between  this  fraction  and 
fuel  candidate  2  Is  that  the  cyclohexane  was  removed  from  candidate  4. 

Fuel  Candidate  5  Cyclohexane  -  End  Point;  Dimethylcyclohexane  Added 

This  fuel  candidate  was  prepared  by  spiking  a  sample  of  fuel  candidate  1 
with  a  mixture  of  xylenes  and  then  subjecting  the  mixture  to  the  AH  Unibon 
process  to  hydrogenate  the  xylenes  to  form  dimethylcyclohexanes.  This  was 
done  so  that  the  role  of  dimethylcyclohexanes  In  the  endothermic  fuel 
reactor  could  be  properly  assessed. 

The  analysis  of  the  five  fuel  candidates  Is  summarized  In  Table  5-1.  Each 
of  the  fuel  candidates  was  found  to  have  the  target  hydrocarbon  distributions. 
Each  fuel  candidate  was  also  found  to  have  acceptable  freeze  point  values  and 
smoke  point  values. 
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TABLE  5-1 


Table  I 

Analysis 

of  Endothermic 

Fuel  Candidates 

CAMDIDATE  HUOZR 

1 

2 

3 

4 

3 

REFERQICE 

3880-0 

3880-11 

3680-13 

5880-15 

3880-29B 

HI.  PERCERT* 

86.0 

64.1 

82.4 

28.3 

nZEEZIHO  FOIin,  DEG  F 

>-3A 

>-34 

>-34 

>-54 

«-53 

SHOEE  POIRT,  m 

♦30 

♦30 

♦50 

♦30 

42 

COFFER  SnUF  CORROSXCK 

U 

lA 

lA 

lA 

lA 

CCBBOSICH  Ac  STRIP 

0 

0 

0 

0 

0 

DERSITY,  G/ML 

0.7883 

0.7803 

0.7680 

0.7300 

0.7726 

CARBON,  MASS  X 

84.33 

84.63 

84.33 

85.03 

85.1 

HIDROGEH,  MASS  X 

13.0 

14.3 

14.2 

14.4 

14.6 

SULFUR.  MASS  X 

.1 

.1 

.1 

.1 

.1 

NITROGEN.  MASS  FIM 

>0.1 

>0.1 

>0.1 

>0.1 

<0.1 

STABILITY  OP  GASOLINE.  MS/IOO  ML 

1.7 

0.3 

0.1 

0.3 

3.5 

EXISTENT  GUM,  MS/ML 

2.1 

0.1 

0.4 

0.1 

BEAT  OF  OCMBUSTION,  LECO  BTU/LB  RET 

18,132 

18.303 

18,204 

18,046 

18,018 

SIMULATED  DISTILLATION  (D-3;10)  TDffQlATURES  IN  DEGREES  C 

PERCENT  ELUTED  (MASS) 

IBP 

37 

36 

38 

87 

38 

3 

78 

77 

77 

07 

84 

10 

63 

83 

83 

09 

85 

23 

86 

86 

87 

104 

87 

30 

88 

88 

88 

106 

105 

73 

103 

103 

103 

110 

127 

SO 

123 

103 

110 

127 

134 

03 

133 

106 

126 

133 

135 

99. 3 

202 

108 

138 

141 

176 

CCMFOHERT  ANALYSIS 

H-FENTANE 

0.1 

0.6 

0.1 

CYCLOFENTANE 

0.1 

0.1 

.1 

C6- ISOPARAFFINS 

0.7 

0.4 

0.5 

N-BEXANE 

1.7 

1.4 

1.6 

1.4 

METBYLCYCLOFEHTANE 

2.3 

2.3 

2.3 

1.7 

CYCLOHEXANE 

32.7 

62.3 

33.0 

0.3 

31.6 

C7-ISOFARAFFIHS 

1.7 

2.2 

1.8 

1.3 

1.0 

N-HEFTAME 

3.3 

4.2 

3.6 

8.3 

2.1 

C7-CYCLOFEBTANES 

3.8 

4.7 

4.1 

3.3 

2.4 

METBYLCYCLOBEXANE 

19.6 

21  3 

21.3 

37.0 

12.3 

C8-ISOPARAFFINS 

1.0 

0.1 

1.1 

4.1 

.7 

N-OCTANE 

1.6 

1.7 

3.3 

1.0 

Ca-CYCLOFENTANES 

1.4 

0.2 

1.5 

4.1 

.1 

C8-CYCL0flEXANES 

3.4 

0.1 

5.5 

13.0 

40.4 

C9  NAPHTHENES 

1.8 

0.6 

1.3 

1.3 

CO  PARAFFINS 

1.0 

0.3 

0.7 

.6 

CIO  NAPHTHENES 

0.3 

.1 

CIO  PARAFFINS 

0.3 

.4 

Cll  NAPHTHENES 

0.1 

.1 

Cll  PARAFFINS 

0.1 

.1 

C12  NAPHTHENES  *  PARAFFINS 

0.1 

POLYRAPBTHEHES 

0.4 

.3 

>200  P*N 

0.1 

*  Wt  parent  caeovarad  by  fractlooatloa  fra  AH  UnlboD  product 
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.  ECONOMIC  ANALYSIS 


6.1  Endothennic  Fuel  Production  Complex 

The  endothermic  fuel  production  complex  is  shown  in  Figure  6-1.  The 
proposed  plant  is  composed  of  two  process  units;  UOP  HD  Unibon  (hydrotreating) 
and  UOP  AH  Unibon  (saturation  of  aromatics).  A  material  balance  of  the  complex 
is  given  in  Table  6-1. 

UOP  HD  Unibon 

The  hydrotreating  process  is  essentially  that  of  selective  hydrogenation  of 
a  hydrocarbon  feedstock  in  the  presence  of  excess  hydrogen,  over  a  catalyst  at 
elevated  temperature  and  pressure.  The  removal  of  contaminants  Involves  the 
controlled  breaking  of  the  molecular  chain  or  ring  at  the  point  where  the 
sulfur,  nitrogen,  or  oxygen  atom  is  Joined  to  a  carbon  atom.  This  breaking  is 
accomplished  by  the  introduction  of  hydrogen  with  the  resultant  production  of 
hydrogen  sulfide,  ammonia,  and  water,  respectively.  Hydrotreater  process 
conditions  also  allow  the  simultaneous  saturation  of  olefinic  compounds  in  the 
naphtha  charge  resulting  in  a  clean  feedstock  to  downstream  process  units. 

UOP's  practice  has  been  to  specify  two-stage  hydrotreating  for  thermal  and  coal- 
derived  liquids  due  to  the  presence  of  diolefinic  compounds  that  tend  to 
polymerize  readily  when  heated. 

At  the  Great  Plains  Plant,  the  raw  coal  naphtha  charge  stock  was  derived 
by  flashing  off  the  Recti  sol  solvent  and  performing  a  crude  separation  into 
naphtha,  crude  phenols,  and  tar  oil  fractions.  The  coal  naphtha  therefore 
contained  a  significant  amount  of  Rectisol  solvents,  which  are  light  compounds, 
and  heavy  non-distillables.  Ordinarily,  for  larger  petroleum  and  coal  oil 
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FLOW  SCHEME 


TABLE  6-1 


Endothermic  Fuel  Plant  Material  Balance 


Total  Complex 

Flow  Rate,  MT/D 

Feeds 

Coal  Naphtha 

93.4 

Makeup  Hydrogen* 

17.7 

Total 

111.1 

Products 

Flue  Gas 

15.6 

LPG 

8.1 

Light  Product 

14.2 

Endothermic  Fuel 

64.0 

Heavy  Product 

6.6 

Waste 

2.6 

Total 

111.1 

*  80  mol  X  Hydrogen 
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refineries,  an  HD  Unibon  yield  estimate  would  specify  stripping  and  rerunning 
of  the  feedstock,  supplemented  by  appropriate  inhibitor  injection,  before  the 
hydrotreating  unit.  For  the  hydrotreating  of  709  BPD  of  raw  coal  naphtha  feed 
from  the  Great  Plains  complex,  the  prefractionation  requirement  was  not  included. 
Instead,  the  first  stage  hydrotreating  catalyst  may  need  more  frequent  replace¬ 
ment,  due  to  the  absorption  of  carbonaceous  and  deleterious  material  found  in 
the  bottom  5X  of  the  feed.  The  second  stage  of  the  hydrotreater  employed  two 
reactors,  with  the  second  reactor  at  a  lower  temperature  than  the  first.  This 
prevents  sulfur  recombination  reactions  that  are  possible  with  high  H2S  concen¬ 
trations  and  a  light,  highly  olefinic  charge  stock. 

The  yield  estimate  for  UOP  two-stage  hydrotreating  is  shown  in  Table  6-2. 
Product  distribution  and  C6+  product  properties  were  based  on  pilot  plant 
results.  Note  that  the  naphtha  was  assumed  to  be  available  for  processing 
without  a  water  separation  step.  Makeup  hydrogen  was  a  Platforming®  unit  offgas 
or  equivalent  (-80  mol  %  hydrogen).  The  source  of  hydrogen  does  not  have  to  be 
a  reformer.  At  Great  Plains,  hydrogen  derived  from  synthesis  gas  by  shift 
reaction  and  Pressure  Swing  Absorption  (PSA)  will  have  99.99+%  purity  and  will 
far  exceed  quality  specified  for  hydrotreating  and  aromatics  saturation.  The 
use  of  99+%  purity  hydrogen  will  not  affect  the  results  of  the  economic  study. 

The  light  end  fractions  were  removed  from  the  hydrotreated  product  and  the  heavy 
fraction,  containing  the  endothermic  fuel  precursors,  was  sent  to  an  AH  Unibon 
unit. 


UOP  AH  Unibon 

UOP  AH  Unibon  is  a  catalytic  process  that  treats  hydrocarbon  feedstocks  for 
aromatic  reduction  (via  saturation  of  aromatic  compounds)  without  conversion  to 
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TABLE  6-2 


Two-Stage  HD  Unibon  Hydrotreater  Yields 

Feedstock  MT/D 

Coal  Naphtha  93.4 

Makeup  Hydrogen*  5.9 

99.3 


Product 

Fuel  Gas 

8.7 

LP6 

6.2 

Light  Product 

14.2 

Hydrotreated  Napl.tha 

70.2 

99.3 

Properties 

Feedstock 

Product (C6+) 

API  Gravity 

Distillation,  “F** 

39.2 

41.2 

IBP 

117 

- 

50% 

185 

224 

EP 

350 

- 

Sulfur,  wt  % 

1.58 

0.00005 

Total  Nitrogen,  wt  ppm 

1980 

<1 

Paraffins,  vol  % 

- 

23 

Naphthenes,  vol  % 

- 

20 

Aromatics,  vol  %** 

50 

57 

Bromine  Number 

61.4 

<1 

Diene  Value 

9.1 

- 

Conradson  Carbon,  wt  X** 

0.08 

<0.005 

*  80  mol  %  Hydrogen 
♦*  Estimated 
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lower  boiling  compounds  by  hydrocracking.  Operating  conditions  may  be  selected 
to  yield  a  product  almost  entirely  free  of  aromatics  (less  than  1  vol  X). 
Virtually  all  hydrogen  consumption  is  due  to  the  saturation  of  aromatics. 

Hydrotreated  C6+  product  from  the  HD  Uni bon  unit  Is  the  charge  stock  to  the 
AH  Unibon  unit.  The  charge  stock  is  mixed  with  recycle  liquid,  recycle  and 
makeup  hydrogen  (Platforming  unit  offgas  equivalent,  about  80  mol  %  hydrogen), 
heated  and  charged  to  a  series  of  reactors.  Multiple  reactors  are  necessary 
to  control  the  heat  of  reaction.  The  reaction  is  carried  out  at  low  pressure. 
Intermediate  space  velocity  and  high  hydrogen  partial  pressure.  Reactor 
effluent  is  cooled  and  flows  to  a  separator  for  recovery  of  recycle  hydrogen. 

A  portion  of  the  separator  liquid  is  recycled  back  to  the  reactors  to  aid  in 
reaction  heat  removal,  while  the  remaining  liquid  is  stripped  for  removal  of 
dissolved  hydrogen  and  light  ends,  which  entered  the  unit  with  the  makeup  gas. 

The  stripped  liquid  is  then  fed  to  a  series  of  fractionation  towers  to 
produce  the  following  products: 

•  an  endothermic  fuel  fraction,  largely  made  up  of  cycloparaffins,  chiefly 
cyclohexane  and  methyl cyclohexane, 

•  a  heavy  product  stream  containing  mostly  C8  paraffins  and  naphthenes, 
and 

•  a  C9+  waste  stream. 

Table  6-3  contains  the  AH  Unibon  yield  estimate  which  is  based  primarily  on 
the  pilot  plant  production  run  results. 
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TABLE  6-3 


AH  Unibon  Yields 


Feedstock 

Hydrotreated  Naphtha 
Makeup  Hydrogen* 

Total 

Products 
Fuel  Gas 
LPG 

Endothermic  Fuel 
Heavy  Product  (C8's) 

Waste 

Total 

Properties 

AH  Unibon  Product 
API 

Paraffins,  vol  % 

Naphthenes,  vol  % 

Aromatics,  vol  % 

Endothermic  Fuel  Fractlor.,  wt  % 

Endothermic  Fuel 
API 

Sulfur,  wt  * 

Total  Nitrogen,  wt  ppm 

Cyclohexane  +  Methylcyclohexane,  wt  % 

Freeze  Point,  "F 


♦80  mol  %  Hydrogen 


MT/D 

70.2 

11.8 

82.0 


6.9 

1.9 
64.0 

6.6 

2.6 

82.0 


51.1 

23 

77 

<1 

~77 


52.5 

0.00005 

<1 

85 

<-65 
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6.2  Economic  Evaluation  of  Endothermic  Fuel  Production 

This  section  evaluates  the  economics  of  endothermic  fuel  production.  The 
evaluation  determines  the  price  of  the  endothermic  fuel  that  would  be  necessary 
to  produce  a  minimum  acceptable  rate  of  return  on  Investment.  Product  values 
were  calculated  for  a  series  of  rates  of  return  (5-20%)  over  a  range  of 
feedstock  prices  (0-300  $/MT).  Due  to  the  small  scale  of  the  proposed  plant 
(709  BPD  fresh  feed),  a  series  of  sensitivity  analyses  were  completed  for 
different  levels  of  capital  investment  and  annual  incomes. 

Process  Unit  Cost  Estimates 

Erected  cost  estimates  were  made  for  each  process  unit  in  the  complex.  The 
Inside  Battery  Limit  Estimated  Erected  Cost  (ISBL  EEC)  includes  HD  Unibon 
hydrotreating,  AH  Unibon  and  fractionation  to  final  products.  No  capital  cost 
allocation  was  made  for  offsites  and  utilities.  The  ISBL  EEC  was  an  order  of 
magnitude  estimate  with  an  accuracy  of  +50%.  A  description  of  the  Estimated 
Erected  Cost  basis  can  be  found  in  Appendix  B.  Variable  costs  (utilities  and 
catalyst)  and  fixed  expenses  (labor,  maintenance,  taxes  and  insurance)  were  also 
estimated.  A  capital  and  operating  cost  summary  is  given  in  Table  6-4  and  does 
not  include  costs  associated  with  the  operation  of  offsite  facilities.  The 
basis  for  the  utility  and  labor  costs  is  contained  in  Table  6-5.  The  main¬ 
tenance,  taxes,  and  Insurance  expenses  are  calculated  as  a  percentage  of  EEC. 

Price  Estimates 

Price  Estimates  for  makeup  hydrogen  and  by-products  are  shown  in  Table  6-6. 
Note  that  the  hydrogen  cost  is  for  a  makeup  gas  purity  of  80%  hydrogen.  The 
value  listed  is  equivalent  to  900  $/MT  for  pure  hydrogen.  The  by-product  credit 
prices  are  reasonable  estimates  for  1988  second  quarter  conditions. 


TABLE  6-4 


Capital  and  Operating  Cost  Summary 


Process  Unit 

HD  Uni  bon 

AH  Unibon 

Feed  Rate,  MT/D 

93.4 

70.2 

EEC,  $MM 

3.7 

5.6 

Royalty,  $MM 

- 

0.029 

Utility  Consumption 

Power,  kW 

299 

167 

Condensate,  M  Ib/hr 

0.31 

0.23 

Cooling  Water,  M  gal /hr 

0.54 

0.48 

Fuel,  Btu/hr 

3.00 

3.20 

Utility  Costs.  MM/yr 

0.15 

0.11 

Catalyst  Loading,  1b 

4160/4208 

2548 

Catalyst  Loading,  $MM 

0.011/0.011 

0.025 

Expected  Life,  yr 

1/5 

2 

Catalyst  Costs,  $MM/yr 

0.011/0.002 

0.013 

Catalyst  Work  Cap.,  $MM 

0.011/0.002 

0.186 

Labor-Operators/Sh 1  ft 

1 

2 

Labor  Costs,  $MM/yr 

Operating  Cost  Summary 

0.62 

1.24 

Variable  Costs 

Utility  Costs.  $MM/yr 

0.150 

0.110 

Catalyst  Costs,  $MM/yr 

0.014 

0.013 

Total  Variable  Costs 

OTTM 

0.123 

Fixed  Expenses 

Labor  Costs.  $MM/yr 

0.62 

1.24 

Maintenance,  $MM/yr 

0.07 

0.12 

Taxes  and  Insurance,  $MM/yr 

0.06 

0.08 

Total  Fixed  Expenses 

0.75 

1744 

Fixed  Charges 

EEC  Depreciation,  $MM/yr 

0.37 

0.56 

Total  Fixed  Charges 

0.37 

06 
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TABLE  6-5 


Utmty  and  Labor  Costs 


Power,  $/kWh 

0.04 

Condensate,  $/M  gal 

0.80 

Cooling  Water,  $/M  gal 

0.10 

Fuel,  $/MM  Btu 

2.10 

Wage  Rate,  $/hr 

20 

Fringe  Benefits,  % 

35 

Supervision,  % 

25 

Overhead,  % 

50 

TABLE  6-6 

Price  and  Cost  Basis  for  Economic  Analysis 


S/MT 

LPG 

140 

Light  Product 

130 

Heavy  Product 

144 

Waste 

122 

Fuel  Gas 

100 

Makeup  Hydrogen* 

232 

*  80  mol  %  Hydrogen 
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Base  Case 

The  estimated  costs  and  expenses,  discussed  above  and  summarized  In  Tables 
6-4  through  6-6,  define  a  base  case  for  the  economic  evaluation.  The  base  case 
is  the  best  estimate  for  the  cost  of  building  and  operating  the  proposed 
endothermic  fuel  plant. 

As  a  preliminary  feasibility  study,  the  cost  estimates  used  in  defining  the 

I 

base  case  do  not  have  the  accuracy  of  a  detailed  design  estimate  where  the 
results  could  be  used  by  a  general  contractor.  To  determine  the  impact  of  the 
capital  and  operating  costs  on  the  economics  of  the  project,  a  series  of 
analyses  (sensitivity  cases)  were  run  using  costs  that  differed  from  those  of 
the  base  case.  In  this  manner  the  project's  economic  sensitivity  to  capital 
costs,  to  operating  costs,  and  to  by-product  credits  could  be  determined. 

Calculation  Method 

The  economic  evaluation  calculations  were  done  using  a  standard  discounted 
cash  flow  calculation  to  find  an  internal  rate  of  return.  For  each  case,  a 
series  of  Internal  rate  of  return  calculations  were  run  at  assumed  naphtha  feed 
costs  of  0,  100,  200  and  300  dollars  per  metric  ton.  In  this  manner  a  series  of 
curves  for  endothermic  fuel  value  (price  in  S/MT)  versus  feed  costs  were 
generated  for  Internal  rates  of  return  of  5,  10,  15  and  20?I.  The  basis  for  the 
economic  analysis  is  summarized  in  Table  6-7.  The  calculation  method  is 
described  in  Appendix  C. 

Results 

The  results  for  the  internal  rate  of  return  calculations  for  the  base  case 
are  shown  In  Table  6-8  as  a  function  of  the  product  value  necessary  to  make  a 
minimum  rate  of  return  (IRR).  The  results  are  shown  graphically  in  Figure  6-2. 
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TABLE  6-7 


Method: 

Feed  Costs: 

Discount  Rate: 

Depreciation: 

Plant  Life: 

Construction  Period: 
Tax  Rate: 

Determine  —  Capital 


Basis  for  Economic  Analysis 


Discounted  Cash  Flow/NPV, 
lOOX  Equity,  Constant  $  Basis 


0.  100,  200,  300  $/MT 

Where  0  represents  WASTE 

200  represents  current  gasoline  price 

(0.52^/gal) 


5,  10,  15,  20X 

Where  5-lOX  represents  T-Bill  Rate 
20%  represents  OOP  recommended  Discount 
Rate 


Straight  line  over  10  years 


20  years 


1  year 
33% 


Costs,  Operating  Costs,  Product  Cost  $/MT 
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TABLE  6-8 


Base  Case 

Endothermic  Fuel  Value  ($/MT)  Needed  for  Minimum  Profitability 


Feed, 

IRR% 

$/MT 

5% 

m 

15% 

203r 

0 

133.80 

158.30 

187.00 

218.50 

100 

279.60 

304.00 

332.70 

364.20 

200 

425.40 

449.90 

478.50 

510.00 

300 

571.20 

595.70 

624.30 

655.80 

I 


Note  that  the  results  are  a  series  of  parallel  lines  with  the  slope  of  -1.46 
$/MT  Endothermic  Fuel  per  $/MT  feed  cost. 

The  graph  allows  the  user  to  obtain  a  product  value  necessary  to  produce  a 
minimum  return.  For  instance,  if  a  feed  naphtha  costs  140  $/MT  (representative 
of  an  average  naphtha  price,  August  1988),  what  endothermic  fuel  price  is 
necessary  to  produce  a  15%  IRR?  Locating  the  point  on  the  15%  IRR  line  in  Figure 
6-2  at  a  feed  price  of  140  $/MT,  an  endothermic  fuel  price  of  -390  $/MT  is 
needed  to  achieve  a  15%  rate  of  return.  This  price  of  390  $/MT  is  appreciably 
higher  than  the  current  (August  1988)  conventional  jet  fuel  price  of  -145  $/MT. 
The  price  of  390  $/MT  is  reasonably  close  to  the  cost  of  buying  toluene  in  the 
market  and  saturating  it  to  produce  methyl cyclohexane  at  309  $/MT  (determined  in 
a  study  funded  by  the  U.S.  Air  Force,  Contract  F33615-86-2633,  March  18,  1988). 
The  economics  of  producing  endothermic  fuel  from  coal  naphtha  are  extraordin¬ 
arily  attractive  when  compared  to  buying  pure  methylcyclohexane  in  the  open 
market  (20,000  gallon  lots  at  $4. 73/lb  or  $10,430/MT,  second  quarter  1988). 

Sensitivity  Analyses 

Due  to  the  small  size  of  the  endothermic  fuel  production  plant  and  the 
inherent  limitations  of  a  feasibility  study,  the  cost  estimates  used  In  the 
economic  evaluation  have  a  higher  than  usual  degree  of  uncertainty.  A  set  of 
sensitivity  analyses  were  run  for  different  levels  of  capital  Investment.  The 
capital  cost  sensitivity  cases  were: 

Sensitivity  Case  1:  Capital  Cost  (EEC)  +20% 

Sensitivity  Case  2:  Capital  Cost  (EEC)  +40% 

Sensitivity  Case  3:  Capital  Cost  (EEC)  -20% 
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The  evaluation  for  each  case  was  identical  to  that  of  the  base  case.  All 
data  used  in  the  sensitivity  analyses  1-3  were  the  same  as  for  the  base  case 
with  the  exception  of  the  EEC,  which  was  adjusted  as  shown  above.  The  results 
for  the  analyses  can  be  found  in  Table  6-9  and  Figures  6-3  through  6-5. 

The  results  of  the  sensitivity  analyses  indicate  the  impact  of  capital  cost 
on  the  profitability  of  the  complex.  The  greater  the  capital  cost,  the  greater 
the  price  of  endothermic  fuel  required  to  meet  a  minimum  acceptable  rate  of 
return.  Looking  at  the  results  for  the  sensitivity  case  with  the  largest  change 
in  EEC  (Sensitivity  Case  2:  EEC  +40X)  and  using  the  same  example  as  for  the  base 
case,  an  endothermic  product  price  of  430  $/MT  is  necessary  to  produce  a  155t 
rate  of  return  when  the  feed  cost  is  140  $/MT.  This  product  price  is  10. 3?^ 
higher  than  for  the  base  case  indicating  that  the  profitability  of  the  complex 
is  not  highly  sensitive  to  capital  costs.  This  fact  is  further  borne  out  when 
looking  at  the  extreme  points  of  the  analyses  as  shown  below; 


Endothermic  Fuel  Price,  S/MT 


Feed  Cost.  $/MT 

%IRR 

Base  Case 

Sens.  Case  2 

XIncrease 

0 

5 

133.8 

151.5 

13.2 

20 

218.5 

269.8 

23.5 

300 

5 

571.2 

588.9 

3.1 

20 

655.8 

707.2 

7.8 

A  second  set  of  sensitivity  cases  were  run  to  determine  the  effect  of 
variable  costs  and  by-product  credits  on  the  complex  profitability.  These  cases 
were; 
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Sensitivity  Case  4:  Variable  Costs  =  Base  Case  +105^ 

By-product  Credits  =  Base  Case  -10% 


Sensitivity  Case  5:  Variable  Costs  =  Base  Case  +20% 

By-product  Credits  =  Base  Case  -20% 

Sensitivity  Case  6:  Variable  Costs  =  Base  Case  -10% 

By-product  Credits  =  Base  Case  +10% 


The  evaluation  for  each  case  was  Identical  to  that  of  the  previous  cases. 

The  data  used  in  sensitivity  analyses  4-6  were  the  same  as  for  the  base  case, 

with  the  exception  of  the  variable  costs  and  by-product  credits  that  were 
adjusted,  as  shown  above.  The  results  for  the  analyses  can  be  found  in  Table 
6-10  and  Figures  6-6  through  6-8. 

Looking  at  the  results  for  the  sensitivity  case  with  the  greatest  change  in 
costs  and  credits  (Sensitivity  Case  5,  +20%)  and  using  the  same  example  as  for 
the  base  case,  an  endothermic  fuel  price  of  403  $/MT  is  necessary  to  produce  a 

15%  rate  of  return  when  the  feed  cost  is  140  S/MT.  This  product  price  is  only 

3.4%  higher  than  for  the  base  case  indicating  that  the  profitability  of  the 
complex  is  not  highly  sensitive  to  the  variable  costs  and  by-product  credits. 
This  low  sensitivity  is  also  illustrated  when  looking  at  the  extreme  points  of 
the  analyses: 


Cost,  $/MT 

%IRR 

Endothermic  Fuel  Price 

.  S/MT 

Sens.  Case  2 

%Increase 

0 

5 

133.8 

146.2 

9.3 

20 

218.5 

230.8 

5.6 

300 

5 

571.2 

583.6 

2.2 

20 

655.8 

668.2 

1.9 
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TABLE  6-9 


Capital  Cost  (EEC)  Sensitivity 

Endothermic  Fuel  Value  ($/MT)  Needed  for  Minitnum  Profitability 


Capital  Cost  ==  Base  Case  -t-20% 


Feed, 

m% 

S/MT 

5% 

10% 

15% 

20% 

0 

142.60 

172.10 

206.40 

244.10 

100 

288.40 

317.90 

352.20 

389.90 

200 

434.20 

463.70 

498.00 

535.70 

300 

580.00 

609.50 

643.80 

681.50 

Capital  Cost  =  Base  Case 


Feed, 

IRRX 

S/MT 

5% 

m 

m 

20X 

0 

151.50 

185.70 

225.80 

269.80 

100 

297.30 

371.60 

415.60 

200 

443.10 

477.30 

517.40 

561.40 

300 

588.90 

623.10 

663.20 

707.20 

Capital  Cost  *  Base  Case  -20X 

Feed, 

IRRX 

S/MT 

SX 

lOX 

m 

251“ 

0 

125.00 

144.60 

167.60 

192.80 

100 

270.80 

290.40 

313.40 

338.60 

200 

416.60 

436.20 

459.10 

484.40 

300 

562.40 

582.00 

604.90 

630.10 
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figure  6-3 

ENDOTHERMIC  FUEL  VALUE  NEEDED  FOR  MINIMUM  PROFITABILITY 
SENSITIVITY  CASE  1:  CAPITAL  COST  (EEC)  •►ZOX 


FIGURE  6-4 

ENDOTHERMIC  FUEL  VALUE  NEEDED  FOR  MINIMUM  PROFITABILITY 
SENSITIVITY  CASE  2:  CAPITAL  COST  (EEC) 
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TABLE  6-10 


Gross  Margin  (Variable  Cost  &  By-Product  Credit)  Sensitivity 
Endothermic  Fuel  Value  ($/MT)  Needed  for  Minimum  Profitability 


Variable  Costs  >  Base  Case  -t-lOiS 
By-Product  Credits  «  Base  Case  -10% 


Feed, 

IRRX 

$/MT 

5X 

10% 

15% 

0 

140.00 

164.50 

193.20 

224.60 

100 

285.80 

310.30 

339.00 

370.40 

200 

431.60 

456.10 

484.80 

516.20 

300 

577.40 

601.90 

630.50 

662.00 

Feed, 

Variable  Costs 
By-Product  Credits  ■ 

Base  Case  •i-20X 
Base  Case  -20X 

IRRX 

$/MT 

5% 

■EM 

0 

146.20 

170.70 

199.40 

230.80 

100 

292.00 

316.50 

345.10 

376.60 

200 

437.80 

462.30 

490.90 

522.40 

300 

583.60 

608.10 

636.70 

668.20 

Feed, 

Variable  Costs  * 

By-Product  Credits  * 

Base  Case  -lOX 
Base  Case  -i-lOX 

IRRX 

S/MT 

5% 

lOX 

■  ■  1S% 

25jr~ 

0 

127.60 

152.20 

180.80 

212.30 

100 

273.40 

298.00 

326.60 

358.00 

200 

419.20 

443.70 

472.40 

503.80 

300 

565.00 

589.50 

618.20 

649.60 
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6.3  Conclusions  of  Economic  Study 

(1)  At  140  $/MT  cost  of  coal  naphtha,  15%  IRR,  the  cost  of  producing  a 
potential  endothermic  fuel  candidate  Is  390  $/MT.  The  analysis  Includes 
credits  for  by-products  produced.  The  coal-derived  napntha  used  for  this 
study  has  been  assigned  a  fuel  oil  value.  However,  It  should  be  noted  that 
the  high  sulfur  content  of  the  naphtha  mey  make  It  unsuitable  for  direct 
use  as  fuel  oil  without  refining  to  remove  the  sulfur.  This  would  reduce 
the  value  of  the  naphtha  as  a  fuel  and  enhance  the  economics  for  the 
production  of  endothermic  fuel.  For  example,  reducing  the  fuel  value  from 
140  $/MT  to  100  $/MT  would  decrease  the  estimated  cost  of  the  endothermic 
fuel  at  15%  IRR  from  390  $/MT  to  about  330  $/MT. 

(2)  The  economics  of  producing  endothermic  fuel  from  coal  naphtha  compares 
reasonably  to  the  cost  of  producing  methyl cyclohexane  by  saturation  of 
toluene  (309  S/MT). 

(3)  The  economics  of  producing  endothermic  fuel  from  coal  naphtha  Is  highly 
attractive  compared  to  the  cost  of  buying  pure  methyl cyclohexane  In  20,000 
gallon  lots  at  $10,430/MT. 

(4)  The  cost  of  producing  endothermic  fuel  Is  very  sensitive  to  the  cost  of  the 
feedstock.  Each  $/MT  Increase  1n  feedstock  cost  yields  an  Increase  of  1.46 
$/MT  In  endothermic  fuel  cost. 

(5)  The  cost  of  producing  endothermic  fuel  Is  relatively  Insensitive  to  the 
capital  Investment  (EEC). 
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(6)  The  cost  of  producing  endothermic  fuel  is  insensitive  to  variable  costs 
(utilities  and  catalyst)  and  by-product  credits. 

(7)  The  price  of  hydrogen  is  a  major  cost  of  endothermic  fuel  production.  At 
140  $/MT  cost  of  coal  naphtha,  hydrogen  cost  represents  16.7%  of  the 
combined  feedstock  costs,  variable  costs  and  fixed  expenses,  not  including 
capital . 


*  AH  Unibon,  HD  Unibon  and  Platforming  are  trademarks  and/or  service  marks  of 
UOP  Inc. 
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7.  CONCLUSIONS 


The  raw  naphtha  by-product  stream  from  the  Great  Plains  Gasification  Plant 
In  Beulah,  North  Dakota  can  be  converted  Into  a  endothermic  fuel  candidate  fuels 
by: 

li  Two-stage  hydroprocessing  to  remove  compounds  containing  sulfur, 
nitrogen,  oxygen  and  double  bonds. 

2.  Catalytic  saturation  of  the  aromatic  compounds  In  the  hydrotreated 
naphtha. 


3.  Fractionation  to  obtain  the  desired  boiling  point  range  for  application 
to  endothermic  fuel  systems. 


An  economic  analysis  shows  that  at  140  $/MT  cost  of  coal  naphtha,  ]£%  IRR, 
the  cost  of  producing  a  potential  endothermic  fuel  candidate  Is  390  $/MT.  The 
analysis  Includes  credits  for  by-products  produced.  The  coal-derived  naphtha 
used  for  this  study  has  been  assigned  a  fuel  oil  value.  However,  It  should  be 
noted  that  the  high  sulfur  content  of  the  naphtha  may  make  It  unsuitable  for 
direct  use  as  fuel  oil  without  refining  to  remove  the  sulfur.  This  would  reduce 
the  value  of  the  naphtha  as  a  fuel  and  enhance  the  economics  for  the  production 
of  endothermic  fuel.  For  example,  reducing  the  fuel  value  from  140  $/MT  to  100 
$/HT  would  decrease  the  estimated  cost  of  the  endothermic  fuel  at  15%  IRR  from 
390  S/MT  to  about  330  $/MT. 
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Pi  Tot  Plant  Production  Runs 
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APPENDIX  B 


ESTIMATED  ERECTED  COST  BASIS 


The  estimated  erected  cost  basis  presented  here  reflects  the  current  U.S. 
Gulf  Coast  battery  limits  price.  It  is  comprised  of  a  materials  and  labor 
(M  &  L)  estimate  and  design,  engineering  and  contractor's  fees,  overheads  and 
expenses  (DE  &  CE)  allowance.  The  estimated  erected  cost  given  in  the  report 
was  an  order  of  magnitude  type  estimate  with  an  accuracy  of  +50X. 

In  a  preliminary  cost  estimate,  to  be  used  for  evaluating  competing 
technologies,  it  is  very  common  to  use  Gulf  Coast  location  for  determining 
erected  costs.  Most  process  licensors,  contractors,  and  refiners  use  factors, 
developed  from  past  experience,  to  translate  these  costs  to  other  locations.  A 
more  detailed  cost  and  engineering  estimate  for  a  specific  plant  location  must 
consider  such  economic  factors  as  labor  rates,  productivity,  union  or  non-union 
labor,  government  regulations  with  regards  to  equipment  procurement,  environ¬ 
ment,  etc.  The  estimated  erected  cost  of  the  study  was  an  order  of  magnitude 
type  estimate  with  an  accuracy  of  ±0.50X.  Hence,  the  study  cost  estimates  will 
not  be  site  specific  within  the  continental  USA. 

The  material  and  labor  estimates  have  been  derived  by  scaling  detailed 
estimates  prepared  for  similar  units  based  upon  U.S.  Gulf  Coast  erection  to  UOP 
Standards  and  Specifications.  The  material  and  labor  estimates  are  intended  to 
Include  all  direct  material  and  labor.  Indirect  field  costs  and  labor  benefits, 
which  are  associated  with  the  erection  of  the  battery  limits  process  equipment, 
including  the  following  specific  equipment,  categories  and  services: 
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Heaters 

Vessels  and  Internals 

Heat  Exchange  equipment 

Pumps 

Drivers 

Compressors 

Piping 

Instruments 

Electrical 

Insulation 

Structural  steelwork 
Fireproofing 

Paving  and  concrete  work 


Compressor  Shelter 
Control  house 

Catalyst  handling  equipment 
Sundry  construction  equipment 
Temporary  field  office, 
warehouse,  change  house,  etc. 
Field  testing 
Expendable  Tools 
Clerical  costs  associated  with 
construction 
Final  cleaning 
Miscellaneous  field  costs 
Fringe  benefits 


An  allowance  for  design,  engineering  and  contractor's  fees,  overheads  and 
expenses,  primarily  based  on  past  UOP  experience,  has  been  added  to  the  total 
material  and  labor  estimate  In  order  to  reach  an  overall  erected  cost  estimate 
for  the  battery  limits  plant.  The  figure  shown  for  this  DE  &  CE  allowance  Is 
for  orientation  economic  purposes  only  and  Is  intended  to  cover  the  following 
charges; 


UOP;  Basic  process  and  engineering  design  specifications 

and  drawings  (Schedule  A  package).  Including  review 
of  contractor's  detailed  design  of  specified 
equipment  Items. 

Contractor;  Detailed  engineering 

Purchasing,  expediting  and  Inspection 
Construction  tools  and  equipment  rental 
Contractor's  field  and  home  office  expenses 
Erection  supervision 
Contractor's  fees 


Items  not  included  In  the  estimated  UOP  Investment  cost  (battery  limits) 
are  as  follows,  unless  otherwise  specified  as  Included; 
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-  Cost  of  land,  site  preparation,  and  soil  Investigation. 

-  Piling  or  any  unusual  foundation  requirements. 

-  Docks,  marine  terminals,  or  jetties. 

-  Access  roads  to  site. 

-  Home  office  administration  building. 

-  Employees  housing,  worker's  barracks,  canteens,  recreation  facilities, 
etc. 

-  Overtime  pay  during  construction. 

-  Know-how  fees  and  royalties  on  licensed  processes. 

-  Owner's  expenses  In  developing  the  project. 

-  Local  permits,  taxes  and  fees,  or  specific  costs  of  doing  business  In 
the  area. 

-  Items  concerned  with  export  shipment,  such  as  ocean  freight,  marine 
Insurance,  Import  taxes,  customs,  etc. 

-  Operating  capital  and  Investment  In  goods  In  progress. 

-  Escalation  on  materials  and  labor  due  to  price  fluctuation  or  economic 
conditions. 

-  Contingencies. 

-  Cost  of  start-up  Including  testing,  manpower,  utilities,  operating 
manuals  and  training  programs. 

-  Spare  parts,  special  tools  or  maintenance  equipment. 

-  Catalysts,  chemicals  and  raw  materials  Including  Initial  fill. 

-  Customer  or  national  standards,  codes. 

-  Special  pollution  or  noise  control  facilities. 

-  Electrical  main  substations. 

-  Power  generation. 

-  Water  or  hydrocarbon  pipelines. 

-  Additions  or  extensions  to  utilities  systems  or  offsites. 

-  Laboratory  supplies. 

-  Special  communications  or  computer  systems. 


The  following  assumptions  are  normally  made  regarding  economic  conditions 
at  the  time  the  job  Is  bid: 


-  There  will  be  an  adequate  supply  of  skilled  labor  available  for 
construction. 

-  There  will  be  competitive  bidding  by  contractors. 

-  The  plant  will  be  constructed  In  the  U.S.  Gulf  Coast. 

-  There  Is  no  lost  time  due  to  climatic  conditions. 

-  Haterlal  and  labor  prices  are  based  on  the  date  of  the  estimate. 
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APPENDIX  C 


INTERNAL  RATE  OF  RETURN  (IRR)  CALCULATION  METHOD 


(1)  Determine  the  estimated  erected  cost  (EEC)  for  the  complex.  The  inside- 
battery-  limits  costs  (ISBL  EEC)  are  shown  in  the  summary  tables  in  Appendix 

C. 

No  allowance  is  made  for  offsites. 

(2)  Calculate  the  total  capital.  Total  capital  Includes  the  ISBL  EEC,  the 
fully  paid  license  (royalty)  and  the  Interest  on  the  capital  spent  during 
the  construction  period.  Interest  on  the  capital  is  charged  at  the  rate 
of  105t  per  year.  The  sum  of  the  interest,  royalty,  and  EEC  is  the  total 
capital,  or  investment  (INV). 

(3)  The  cash  flows  are  calculated  over  a  20-year  period.  Depreciation  is 
calculated  using  the  straight-line  method  at  10?f  per  year.  The  income  tax 
rate  was  assumed  to  be  33?f.  Two  simplifying  assumptions  are  100<  equity 
basis  (no  Interest  charges  in  the  pre-tax  Income  calculations),  and 
constant  dollar  basis  (no  Inflation) 


p 

s 

Product  Revenue 

F 

s 

Feedstock  Cost  (or  value) 

FE 

* 

Fixed  Expenses  (labor,  maintenance,  local  taxes  and 
insurance) 

VC 

s 

Variable  Costs  (utility  costs,  catalyst  costs) 

DEP 

s 

Depreciation  (103^  of  EEC  per  year) 

PTI 

= 

Pre-tax  Income 

ATI 

After-tax  Income 

CF(t) 

= 

Cash  flow  for  year  t 

PTI 

= 

P-F-FE-VC-DEP 

ATI 

= 

PTI  *  (1-0.33) 

CF(t) 

s 

ATI  +  DEP 

The  cash  flows  for  years  1-10  will  be  the  same.  The  cash  flows  for  years 
11-20  will  be  the  same  but  will  be  different  from  the  first  10  year's  cash 
flows  because  there  is  no  depreciation. 


(4)  The  discounted  cash  flow  equation  to  be  solved  for  the  internal  rate  of 
return  (IRR)  is: 


20 

£ 

T*1 


CF(T 


Jht 


INV 
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The  calculation  method  to  determine  an  IRR  is  straightforward.  However, 
the  method  to  find  the  correct  P  to  yield  the  desired  return  requires  an 
iteration. 


a.  For  a  given  coal  naphtha  price  and  Internal  rate  of  return  pick  an 
endothermic  fuel  value. 

b.  Solve  for  total  product  value  P 

c.  Calculate  all  CF(t) 

d.  Solve  the  above  equation  to  find  IRR 

e.  Iterate  until  the  value  for  endothermic  fuel  value  is  found  so  that 
the  desired  IRR  is  obtained. 

(5)  For  each  case  calculate  product  values  to  obtain  IRRs  of  5,  10,  15  and  20% 
at  assumed  coal  naphtha  feed  costs  of  0,  100,  200  and  300  $/MT. 
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APPENDIX  0 


COMPLEX  ECONOMIC  EVALUATION  DATA 


Endothermic  Fuel  Production  Evaluation  Data 


Description 

Feed  Price  $/MT 

Page 

Base  Case 

0 

101 

100 

102 

200 

103 

300 

104 

Sensitivity  Case  1: 

0 

105 

Capital  Cost  (EEC)+20X 

100 

106 

200 

107 

300 

108 

Sensitivity  Case  3; 

0 

109 

Capital  Cost  (EEC)+40* 

100 

no 

200 

111 

300 

112 

Sensitivity  Case  3: 

0 

113 

Capital  Cost  (EEC)-20X 

100 

114 

200 

115 

300 

116 

Sensitivity  Case  4: 

0 

117 

Gross  Margin: 

100 

118 

Variable  Costs+IOX 

200 

119 

By-Product  CredIts-lOX 

300 

120 

Sensitivity  Case  5: 

0 

121 

Gross  Margin: 

100 

122 

Variable  Costs+20X 

200 

123 

By-Product  Cred1ts-20X 

300 

124 

Sensitivity  Case  6: 

0 

125 

Gross  Margin: 

100 

126 

Variable  Costs-lOX 

200 

127 

By-Product  CredIts+lOX 

300 

128 
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.S2 

lie 

741 

t.OH 

140 
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Coat  1:  food  •  to/m 

lit  • 

S  OK 

trail  Margin 

ti  60  m 

par  yr 

Variibii  Celt! 
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Cain  rioa 

r* 

11-20 

t  26  ■ 

•  01 

fcni.lltrilB  aitMltllQM 
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14.21  Wt 

P»r  fr 
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11-20 

1  70 

• 

• 

• 
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Ib/hr 

MTA 

1/MT 

1  m/fT 

$/MT 

1  m/yr 

l/MT 

1  m/,r 
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1.11 
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1.11 
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1.17 
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1.17 

Tata  la 
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2.000 

140 

.M 
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.n 
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.M 

140 

.10 

Itfht  Irppuet 

I.MS 

4.710 

110 

.12 

IM 

.12 
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0.15 

117.0 
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14.13  *01  per  yr 

14  17  MN  por  yr 
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1  10  -  *  - 

1  10  -  -  - 

1  20  ■  -  - 

r itod  ttpontas 

11  19  -  -  - 

11  10  -  '  ■ 

12  19  ■  ■  - 
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132  1.37 

Tetalt 

10.103 

37.031 

10.71 
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144  .11 

144  .11 
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S.2S 

•• 

" 
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140 

.SO 

140 

.SO 

140 

.11 

140 
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l$.SI  Nt/yr 

11.12  1 
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S  K  >5 


ISU  Etc  MM 

■ejrt  Ity  N) 

lnt«r«it  an  CtplUl.  1  yr.  IM 


nn 

.03 

1.30 


MTiMWiir  n».l  tM-mna  -  rrnifmf  rmilflTIlin 

HKlTUtn  CAM  t.  CAPMOL  MiT  Itttl  «40» 


Total  Capitol 


U  3S 


Intoroat  Rato  101 
Tai  lato  331 


1001  Equity 
Canttant  Oollara 


la 


Casa  3  faaO  •  tlOO/MT 

IM  • 

s.ox 

110  . 

ID 

.01 

100  ■ 

IS  01 

IRO  < 

20.01 

trass  Margin 

33  30 

Ml 

pt*-  ft 

34.33 

Ml 

P*** 

r 

33.30 

Ml 

ptr  yr 

36  33 

Ml 

ptr  yr 

VariaPla  Casta 

3.30 

• 

• 

• 

3  30 

" 

• 

“ 

3.30 

• 

“  - 

3.30 

- 

-  “ 

EitaO  Etpanits 

33.lt 

• 

• 

“ 

33.lt 

• 

- 

• 

33  It 

- 

a.  • 

33.lt 

- 

-  - 

ISIt  Oapraciatian 

31  30 

31.30 

*• 

31.30 

• 

•  • 

31.30 

" 

as  aa 

Total  Prttai  IncOTS 

fft 

1-10 

3  03 

Ml 

pt^ 

yr 

3  »5 

Ml 

P**- 

31.61 

Ml 

p#r  yr 

33  33 

Ml 

per  yr 

Total  Aftar  Incona 

1-10 

3  01 

•• 

• 

• 

3  30 

* 

• 

• 

31.00 

a.  s. 

31. Tl 

- 

-  •• 

Cain  riou 

yr* 

1-10 

31  33 

• 

31  to 

*• 

• 

" 

33  30 

• 

•  • 

33.01 

• 

•  • 

Totsl  f ratal  Incoaa 

11-30 

31  33 

Ml 

r 

33  03 

Ml 

Ptr 

r 

33. tl 

Ml 

ptf  yr 

33  03 

Ml 

P*r  yr 

Total  Altai  Incan 

r*» 

11-30 

tot 

• 

• 

• 

31  30 

• 

• 

• 

31.03 

• 

•  • 

33  30 

• 

•  - 

Usn  naa 

jr* 

11-30 

3  n 

• 

• 

• 

31  3t 

• 

• 

• 

31.03 

• 

“  • 

33  30 

• 

a.  • 

trail  MarMlw  CalealattaM 
Casa  t:  EaaP>ll00  par  MT 


100  • 

3.00 

UK  • 

10.00 

100  • 

13.00 

lOR  • 

30.00 

Ib/tir 

MTA 

3/MT 

t  m/r  ' 

l/MT 

3  IO«/yr 

t/MT 

3  MM/yr 

3/MT 

3  MM/yr 

Coal  Mapntha 

t.STA 

31.113 

100 

3.11 

IW 

3.11 

100 

3.11 

100 

3.11 

M.U  Mydragan 

1.131 

S.tlt 

333 

1.37 

333 

1.37 

333 

1.37 

333 

1.37 

Tata  la 

10.303 

37.031 

4.40 

4.40 

4  a 

4  40 

Praducts 

Aual  taa 

1.4M 

3.311 

100 

.33 

100 

.33 

100 

.33 

100 

.33 

lit 

343 

t.wt 

140 

.31 

140 

.30 

140 

.30 

140 

.30 

Him  Praduct 

1.303 

4.33t 

130 

.t3 

IM 

.U 

130 

.t3 

130 

.63 

EatatManilc  Faal 

t.Ml 

31.341 

317.3 

t.S4 

U1.3 

7.07 

371.1 

7.13 

413.0 

0.07 

Ma«y  Praduct 

tot 

t.lM 

144 

.33 

144 

.33 

144 

.33 

144 

.33 

HaaM 

133 

033 

133 

.10 

in 

.10 

133 

.10 

133 

.10 

Tatala 

10.303 

37.031 

l.3t 

1.01 

l.tt 

lO.K 

Oraaa  Marqla  U.»  W/yr  M-H  "Vr  IS.3t  «l/yr  M  33  tPVyr 
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isk.  ICC  m 

leyiUir  W 

Inttrnt  •n  Ca»ltt1.  1  )r.  IW 


13. U 
.03 
1.30 


DPTtnuc  mis  WfloicTioi  -  tcawiic  noLuoTiow 

lIKITmin  CAM  1:  CtfItM  OUT  IKCI  «4ai 


Totil  Cifttal 

m 

14.33 

loB  l_r. 

CiM  3:  OmO  -  3100/NT 

in  • 

S.OK 

Crait  Nifftn 

33  7*  Ml 

mr  yr 

Viflibli  Cattt 

3  30  ' 

find  (iptnwi 

33  11  “ 

-  - 

1301  Otpnciitien 

31.30  ■ 

•  • 

Tatil  britii  Incan 

yft 

1-10 

3  03  Ml 

ptf  yr 

Total  Afiii  Ineon 

yrt 

1-10 

3  01  - 

•  • 

CitK  flon 

yri 

1-10 

31  33  ■ 

•  • 

Total  Orttai  Incan 

11-30 

31  33  Ml 

Ptf  yr 

Total  Aftaa  Incno 

r* 

11-30 

3  0$  ■ 

•  • 

Caab  71oo 

r* 

11-30 

3  0$  “ 

•  - 

l«lll 

Inttrtft  l«tt  in 
Tu  t(tt  33S 
ion  tqutty 
Caiitint  Oollari 


in  •  10.  n 

in  •  13  n 

in  •  30.  n 

34.33  Ml  por  7f 

33.10  Ml  por  yr 

30.13  Ml  por  yr 

3.30  "  -  - 

3.30  *  -  * 

3.30  *  *  * 

33.1$  ■  “  ■ 

33  1$  *  -  * 

33  1$  -  -  - 

3110*  *  * 

3110"  *  * 

31.10  ■  -  - 

3.73  Ml  pof  yf 

31.01  NO  por  yr 

33  55  Ml  por  yr 

3.30  -  -  ■ 

3100*  -  * 

31.71  ”  *  * 

31.00*  *  * 

33.10  *  *  * 

31.01  *  *  - 

33.03  Ml  pOf  yf 

33  $1  Ml  por  yr 

31.03  Ml  por  yr 

3130-  •  • 

31.33*  *  * 

33  30  *  *  * 

31.10*  -  - 

31.13  ■  *  * 

33.30  *  *  * 

irPM  fcftw  CatoilatHM 
CiM  3:  rM«>H00  p«f  m 


fooditock 

Ib/nr 

NT* 

in  • 

3/NT 

3.n 

3  NN/yr 

im  • 

$/m 

10  n 

3  n/yr 

Coal  Oapntba 

0.374 

11.111 

300 

0.33 

300 

0.33 

N.U.  Nydropan 

I.OII 

3.010 

313 

1.17 

313 

1.17 

Tata  la 

10.303 

17.011 

7.00 

7.M 

tCBflhflUtJ 

Oval  Oaa 

1.41$ 

3.311 

100 

.33 

too 

.33 

170 

741 

3.000 

140 

.M 

140 

.M 

ItfM  >ra«ict 

1.103 

4.7M 

IM 

.« 

IM 

.03 

fndMiMnIc  y«t) 

0.00! 

31.141 

441.1 

K.4* 

477.J 

30.10 

•Mary  Irodoct 

001 

3.103 

144 

.13 

144 

.13 

Naato 

313 

031 

in 

.10 

133 

.10 

^n«ii  lo.m  17,031  II. M  it.it 


in  • 

13. n 

in  • 

30.  n 

3/NT 

3  Mt/yr 

3/NT 

3  n/yr 

300 

0.33 

300 

0.33 

313 

1.17 

313 

1.17 

7.00 

7.00 

100 

.33 

100 

.33 

140 

.M 

140 

.10 

IM 

.03 

110 

.03 

317.4 

11.04 

Ml. 4 

11. $0 

144 

.13 

144 

.13 

133 

.10 

133 

.10 

If.to  13.01 


Oran  Niff  IR 


U.TWI  NN/yr  14. UM  mVr 


13.3003  mvyr 


30.3133  m/yr 
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nMtiwiiic  ntn  ftaagTiai  -  itaane  nf«ni*Ti«i 
C«I  t:  ctfn«L  casi  uto  «<g 


rattilltitlw  limt - 

iSM.  tec  MN 

loyalty  m 

lotorttt  on  Capital.  1  yr.  Nl 

Total  Capital  Ni 

Caaa  4:  Foal  -  t3M/NT 

irett  Marplll 
yarlabla  Caata 
Fliad  tapanaaa 
lUL  Oopraelatlon 

Total  Fratai  Incoao  yra  1-10 
Total  AFtai  Incoaa  yri  1-10 
Caah  Floa  yra  1-10 

Total  Frataa  iKoaa  yra  11-tO 
Total  Aftaa  iMoaa  yra  11-20 
Caah  Floo  yra  11-20 


Iraoa  Harolii  Co  lea  lat  Iona 
Caaa  4:  Faa«>t30C  por  NT 


FaadatKii 

Ib/hr 

HTA 

1.374 

31.113 

Coal  Naphtha 

N.U.  NyPropaw 

l.Ul 

S.lll 

Tetala 

10.20$ 

37.S31 

Foal  iaa 

1.431 

3.211 

LH 

743 

t.Mt 

Fratet 

I.3PS 

4.73$ 

todothof  to  Fool 

i.Ml 

31.341 

Naary  Fradoct 

IM 

3.113 

Haato 

13$ 

•S3 

Toula 

le.tes 

37.031 

traaa  Narfln 

lull _ 


13.02 

Intaroat  late  103 

.03 

Tax  lata  33S 

1  30 

1003  equity 

Canatant  OoUara 

14.33 

111  • 

3.03 

13.71  Ml  par  yr 

1  21  * 

•  “ 

12.11  “ 

•  aa 

$1.30  - 

aa  • 

3.02  Ml  par  yr 

3  01  * 

aa  aa 

31.32  * 

•  • 

31.32  Ml  par  yr 

3  19  " 

•  • 

3.19  ■ 

IM  • 

3.03 

3/ltT 

1  Ml/yr 

300 

0.33 

332 

1.37 

10.71 

100 

.33 

140 

.30 

130 

.03 

iOO.O 

13.37 

144 

.33 

133 

.10 

14.  M 


til  •  10. 

01 

34.32  m  por 

r 

3.21  ■  * 

• 

32  13  -  ■ 

• 

31.30*  * 

3.73  Ml  par 

3  30  -  * 

• 

31  1!  *  * 

32.03  Ml  par 

r 

31.31*  * 

• 

3130*  - 

• 

III  • 

lo.n 

3/NT 

3  w/yr 

300 

0.33 

333 

1.37 

10.71 

100 

.33 

140 

.30 

130 

.03 

033.1 

13.30 

144 

.33 

133 

.10 

IS.tl 


III  • 

IS. 

01 

til  • 

20.01 

33  30  Ml 

30  32  m 

p«r  yr 

3  23  * 

• 

3  20  * 

ar  aa 

32  19  * 

32  19  * 

aa  aa 

31.30  * 

" 

31.30  * 

31.01  NN 

Ptr 

32.33  Ml 

31.00  * 

• 

31  71  - 

0  m 

32.30  " 

*• 

• 

$3.01  * 

•  * 

32.91  mm 

Ptr 

31  03  m 

p«r  yr 

31.93  * 

• 

• 

32.30  ' 

M  • 

31.93  - 

• 

• 

32.30  * 

•  • 

III  a 

13.03 

in  a 

20  03 

3/NT 

3  NN/yr 

3/NT 

3  NN/yr 

300 

9.33 

300 

9  13 

212 

1.37 

212 

1.17 

10.71 

10.71 

100 

.32 

100 

.32 

140 

.10 

140 

.M 

110 

.02 

IM 

.02 

lOl.I 

14.13 

707.2 

13.09 

144 

.12 

144 

.12 

122 

.10 

122 

.10 

10.00 

17.03 

tl.n  tMFyr  I4.it  IM/yr 


II.M  m/yr  U.32  W/yr 
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s  eiets 


rMltilliitlm  1—nr _  Imh 


ISK.  etc 

m 

7.44 

Intaroat  (ato  101 

leyaltir 

m 

U 

Taa  tata  331 

Inttmt  M  Ca»tt(1.  1  yr. 

Mt 

.7S 

lOOS  Iqulty 

Total  Capital 

m 

■  » 

Canatant  Oallan 

Cata  1:  Taad  •  tO/Ml 

in  ■ 

SOI 

in  • 

10. 0k 

in  • 

IS 

.Ok 

in  • 

20. OX 

(rota  Narqin 

33.23 

m 

yr 

t3.(S 

m 

par  yr 

14.14 

MM 

par 

yr 

34. U 

m 

par  yr 

Var labia  Coati 

t  21 

" 

m  m 

t.2t 

• 

m  m 

3.21 

" 

•* 

“ 

3  21 

a.  a. 

Tiiab  Iipanaai 

12  11 

• 

m  m 

t2.11 

• 

m  • 

32.11 

" 

- 

- 

32.11 

- 

"  - 

ISIL  Oapraeiation 

1  74 

“  " 

1.74 

aa  « 

3  74 

* 

• 

3.74 

•a  m 

Total  4ratai  Incan  yr% 

1-10 

t  01 

ptr  yr 

1  43 

MM 

ptr  yr 

3  12 

m 

par 

yr 

31  41 

m 

per  yr 

Total  Aftai  Incoaa  yri 

1-10 

t  01 

• 

m  m 

t.2t 

• 

•  • 

3  12 

- 

• 

3  11 

- 

■  " 

Cain  f la>  yri 

1-10 

1  75 

• 

aa  • 

tl  03 

• 

•  m 

31  31 

• 

31.72 

• 

m  aa 

Total  Oratai  Incan  yra 

11-20 

1  71 

m 

par  yr 

tl  It 

m 

yr 

31  17 

MM 

par 

yr 

32  20 

MM 

par  yr 

Total  tftai  Incan  yri 

11-20 

t.si 

• 

•  • 

1.71 

• 

•  a. 

31.:: 

" 

- 

31  41 

• 

•  - 

Caah  Floa  yra 

11-20 

t.tl 

• 

•  • 

1  71 

• 

•  • 

31  12 

• 

• 

31  41 

• 

•  - 

trwi  Wmin  ttlailituni 

C«M  1:  rM4>  to  ptr  MT 


Ib/br 

MTA 

in  • 

3/IIT 

5.01 

3  n/yr  . 

in  • 

3/w 

10.01 

3  w/yr 

in  • 

3/MT 

15.01 

3  n/yr 

in  • 

l/OT 

20  01 

3  m/yr 

Fattfitodi 

Caal  lapMUa 

1.574 

31.113 

0 

0 

0 

0 

0 

0 

0 

0 

N.U  Mytfrotan 

1.131 

5. Ill 

232 

1.37 

232 

1.37 

232 

1.37 

232 

1.37 

Total! 

10.205 

37.031 

1.37 

1.37 

1.37 

1.37 

Fraducta 

Foal  iai 

1.431 

3.211 

100 

.32 

100 

.32 

100 

.32 

100 

.52 

in 

743 

i.nt 

140 

.31 

140 

.30 

140 

.31 

140 

.31 

HIM  FraAict 

I.3M 

4,7H 

in 

.02 

130 

.02 

130 

.12 

130 

.12 

tndnnmc  fmI 

S.Ml 

21.341 

123.0 

2.17 

IM.O 

l.V 

117.1 

1.30 

112.1 

4.11 

Hmiy  Fradaet 

Ml 

2.115 

144 

.32 

144 

.32 

>44 

.32 

-144 

.32 

Malta 

135 

•33 

>22 

.10 

122 

.10 

>22 

.10 

122 

.10 

Taula 

•ran  Har|ln 

II.IW 

37.031 

4.10 

33.23  mvr 

3.02 

U.OtlOVyr 

3.31 

34.14  mr 

1.05 

34.11  1 

-  no  - 


OMTicwiic  furti  wwauEtiai  -  tcawirc  fYnmuTiw 

ItMlTUITt  CAtf  1:  WITM  MiT  IttC)  -m 


rmtiiirinm  titi _  ■«««« 


ISIl  tEC 

m 

7.44 

Intoroit  tato  101 

loytUy 

m 

.03 

Til  (at*  331 

Inttrcit  on  CtpUol. 

1  yr.  m 

.75 

1001  Equity 

Totol  Copito) 

m 

•••■OT 

0.37 

Conatant  Dollaro 

Cata  2:  Food  •  tlOO/MT 

IM  • 

5.03 

in  •  10.05 

III  • 

15.05 

IM  - 

20.05 

Sraai  Narqtn 

13.23  m  par  yr 

33.(5  Ml  par  yr 

34.14  m 

Ptr  yr 

34.10  m 

P«r  yr 

Var labia  Cotta 

3. 20  - 

•  • 

3.21  *  -  - 

3.25  - 

at  • 

3  24  ■ 

■  at 

FlKCd  CjiptnMt 

32  1(  - 

•  • 

32.13  -  -  - 

32  14  ’ 

at  • 

32.14  ' 

•  " 

ISlL  Oapracittien 

1  74  - 

‘  * 

3.74  -  -  - 

3  74  - 

3  74  - 

Total  Fratai  Incona  yra  1 

-10 

S  01  MM 

Pt^  yr 

3  43  M  par  yr 

3  (2  m 

p#f  yr 

31  43  m 

p*r  yr 

Total  Aftti  IncoBit 

yrt  1 

-10 

1.01  - 

•  • 

3  24  ■  •  ‘ 

3  52  • 

"  • 

3  43  ■ 

"  - 

Cath  Floa 

yrt  1 

-10 

1.75  - 

31.03  •  *  ■ 

31.33  ' 

40  m 

31.72  ' 

•  *• 

Total  Fratti  Incona  yn  11 

-20 

5  7(  m 

p*f  yr 

31. 1(  m  par  yr 

31.37  m 

par  yr 

<■  ’  m 

par  yr 

Total  Aftt>  Incona 

yM  11 

-20 

3.51  - 

•  • 

3  74  -  -  - 

31.12  • 

■  • 

31  41  ’ 

•  • 

tain  F1o» 

yn  11 

-20 

3  51  ■ 

3  74  -  •  • 

31.12  • 

31  41  ■ 

iTMl,  BorilP  ItltllUt*M 

Ctio  2:  Food*il00  pa 

f  m 

III  • 

5. 05 

III  •  10.05 

III  • 

15.05 

in  • 

20  05 

Faaditeck 

Coal  Oapntht 

1b/hr 

HTA 

3/MT 

3  m/yr 

3/m  3  m/r 

3/m 

3  n/yr 

$/m 

3  «M/yr 

(.574 

31.113 

100 

3  11 

100  3.11 

100 

3  11 

100 

3.11 

M.U  NyOragan 

1.(31 

5.(11 

232 

1.37 

232  1.37 

232 

1.37 

232 

1.37 

Total! 

10.205 

37.031 

4.40 

4.M 

4. a 

4.41 

FroAieti 

Fual  (at 

1.430 

5.211 

100 

.52 

100  .52 

100 

.52 

100 

.52 

IF( 

743 

2.(H 

140 

.30 

140  .30 

140 

.30 

140 

.M 

ll|M  FraOuet 

1.30$ 

4.734 

130 

.02 

130  .02 

130 

.02 

130 

.12 

Endathomlc  Fual 

S.MI 

11.341 

270.0 

5.70 

2(0.4  (.20 

313.4 

5.14 

330  1 

7.23 

Maaay  Froduet 

(05 

2.1(5 

144 

.32 

344  .32 

144 

.32 

144 

.32 

235 

(53 

122 

.10 

122  .10 

122 

.10 

122 

.10 

TaUla 

10.105 

37.031 

7.71 

O.U 

0.(2 

(.14 

•rota  Narfln 

13.23  m/yr  U  *3  HVyr 

$4.14  m/yr 

34.10  1 

-  Ill  - 


IM0T>«IIIC  furis  fweucTiOi  -  inwiic  nw-UMigi 
UMItliriTt  CAM  3  Wll«i  COST  IIIC)  -M» 


tMUllllltlMI  llTT -  lUil - 


ISSl  EEC 

MM 

7.44 

Inttrott  litt  in 

loyllty 

MM 

.01 

Tm  (ito  in 

Intcrtit  on  CapluK  1  yr. 

MM 

.71 

ion  Equity 

Tetol  C*p*t*1 

MM 

•••••• 

1.2? 

ContUnt  Dellpri 

Ctu  1:  Food  •  1200/MT 

iM  •  i  n 

tot  •  10. n 

IM  •  15  n 

IRA  • 

20  n 

Omt  Nirqln 

11.21  (01  por  yr 

11.05  MN  par  yr 

14.14  MM  por  yr 

14  08  m 

p«r  yr 

Virltblt  Coiti 

128*  -  • 

1.28  •  ■  ■ 

12*  •  "  ■ 

12*  ■ 

m  a. 

Find  EiponiM 

$2  10  -  ■  - 

12  10-  -  ■ 

12  1*  ■  "  ■ 

12  19  - 

•  » 

■  111  Oop'OCUtlon 

1  74  -  ■  - 
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1  «  ■  ■  - 

7  00  *  -  * 

11.39  -  -  - 

11  04  ■  -  - 

Caab  tian 

yra  11 

•70 

1  C3  -  ■  - 

7  01-  •  * 

11.39  -  -  ■ 

11.14  -  -  * 

tfCM  Hirila  tctalittn 

Cato  4.  toa^tlOO  par  MT 

III  •  S  OS 

III  •  10.  OX 

III  •  IS. OX 

III  •  70  OX 

faoditoet 

Caal  lapbtbt 

Ib/hr 

MTA 

S/MT  t  m/yr 

7/MT  7  m/yr 

7/MT  7  m/yr 

l/MT  1  Id/yr 

C.SF4 

31.113 

300  1.33 

300  0.33 

300  0.33 

300  0.33 

M.U.  MyOrogan 

l.CSI 

S.tlC 

737  1.37 

737  1.37 

737  1.37 

737  1.37 

Totalt 

lO.IOS 

37.031 

10.71 

10.71 

10.71 

10.71 

froAitti 

Fual  Cat 

1.43C 

S.tll 

100  0  .S7 

100  0  .17 

100  0  .17 

100.0  .17 

lie 

743 

I.IOC 

140.0  .30 

140.0  .30 

140.0  .30 

140.0  .30 

light  Product 

l.Mi 

4.73C 

117.0  .SS 

117.0  .IS 

117.0  .IS 

117.0  .IS 

Indatharolc  Foal 

S.CCl 

11.341 

S77.4  17.37 

001.0  17.04 

SIO.S  13. W 

IS7.0  14.13 

Ntary  Product 

COS 

t.ics 

170. C  .70 

170.0  .70 

170.0  .70 

170.1  .70 

Mttta 

tis 

cu 

101  1  .01 

100.0  .10 

100.0  .00 

100. 0  .09 

Taula 

is.tos 

37.031 

|4.tS 

14.00 

is.to 

IS.N 

CrMf 


IJ.4S  m/fr 


ti.r  mvfr 


14. W  m/yr 


l$.»  m/yr 
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riBT*i«ie  ran  wflBUCTiw  --  iCBneiilC  tttijmig 
ifwinriTT  rAv  <  tMiULi  coil  *m  »  ir-fWMT  aiCITt  -aa 


latl* 

isai  ((c 

loytlty 

lnt*r*it  on  Capital. 

Total  Capital 

i  i  i  i 

1.30 

03 

.13 

10  24 

Intaroat  tat*  lOX 

Tat  lato  33« 

ion  Equity 

Conttant  Do  Hart 

lim»  SiManr 

Cat*  1 :  Food  •  tO/MT 

IM  •  s  n 

in  •  10.  n 

149  •  15  01 

144  •  70  01 

trot*  Margin 
Variablo  Cotta 

Fittd  Ctpantai 

ISIL  Oopraciation 

33  47  tpi  por  yr 

13*  '  ■  - 

17  IP  ■  ■  ” 

3  13  -  -  - 

34.00  MM  par  yr 

3.34  -  -  * 

37.19  -  -  - 

3  93  -  *  ■ 

3*  41  Nl  por  yr 

3  34  -  -  ■ 

37  19  -  ■  ■ 

3  93  -  •  - 

35.74  MM  par  yr 
3  3*  ■  ■  ■ 
37  19  ■  '  ■ 

3  93  -  -  ■ 

Total  Protat  Incon* 
Total  ATtai  IncOM 
Cath  F1o» 

yf|  1-10 
yf*  1-10 
yrt  1-10 

3  07  MM  par  yr 

3  01  -  ■  - 
3  94  -  -  - 

3  Sa  W  por  yr 

3  34  -  -  ■ 

31  79  -  -  - 

31  15  n  par  yr 

3  7?  -  -  ■ 
3170-  -  ■ 

31  97  mn  por  yr 
31.27  -  -  ■ 
32.15  ■  ■  - 

Total  Fratii  Ineim 
Total  aftai  Incoaa 
Catn  Flo- 

r't  11-70 
r*  11-70 
yrt  11-70 

3  93  IPI  par  yr 

3  93  ■  ■  * 

3  43  •  *  * 

31  47  •*<  p*r  yr 

3  94  -  •  * 

3  94  •  •  * 

32.04  101  por  yr 
31.39  ■  ■  - 

31  39  -  *  ■ 

37.75  MM  por  yr 
31  4*  “  -  ■ 
31.4*  ■  -  - 

■rwi  Wimw  Cilcylitlgwi 
Cm*  1  FcM*  iO  pt'  <*1 


fooditocl 

Ib/hr 

Coal  Mapntha 

4.574 

MU  Mydrogo" 

1.431 

Total* 

10.705 

Product! 

Fiitl  (at 

1.434 

LN 

743 

light  Product 

I.30S 

(ndothofMlc  Fool 

S.MI 

navy  Product 

404 

MOato 

134 

Total* 

10.704 

lu  •  $.m 


IfTA 

3/MT  3  MM/yr 

31.113 

0  0 

5.914 

737  1.37 

37.031 

1  37 

4.711 

100.0 

.47 

2.4M 

140.0 

.39 

4.734 

104.0 

.49 

21.341 

144.2 

3.12 

7.194 

114.2 

.24 

443 

97.4 

.09 

37.031 

4.93 

144  • 

10.01 

144  • 

I7MT 

3  tPt/yr 

3/MT 

0 

0 

0 

237 

1.37 

737 

wmmmmmm 

l.}7 


100.0 

.42 

100.0 

140.0 

.39 

140.0 

194.9 

.49 

104.0 

170.7 

3.94 

in  4 

114.2 

.24 

114.7 

97.9 

.09 

97.4 

4.37 

14.01 

144  • 

70  01 

3  n/yr 

3/MT 

3  MM/yr 

0 

0 

0 

1.37 

737 

1.37 

1.17 

1  17 

.42 

100  0 

.42 

.39 

140.0 

.34 

.49 

104.0 

.49 

4.29 

230.9 

4.93 

.24 

114.2 

.24 

.n 

97.4 

.09 

4.n 

4.44 

(TMt  Ntrfln 


13.47  W/jrr 


M.N  m/r 


14.11  ■vr  w.**  m/jr 
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rmtmwMC  r«ii  waBucTiai  -  teawic  n*LuiTiai 

itHnwin  CAM  i.  mtuu  tasi  «m  >  iTTfwwcT  aiPiTi  -la 


ISK  CCC 

m 

1.10 

iMll 

Inttrott  (oti  in 

leytity 

m 

.01 

Til  iito  in 

Intiritt  on  Catttil,  1  yr. 

m 

.03 

ion  Coytty 

Tot<l  Coptttl 

m 

10.11 

Cenitint  tolliri 

ClU  t:  rood  •  tlOO/HT 

iM  •  i  n 

in  •  10  .  n 

in  • 

11. n 

IRR  • 

20  n 

Oroo  Mirgln 

tl  42  Ml  por  yr 

04  00  Ml  par  yr 

04.01  Ml 

par  yr 

01.20  RR 

par  yr 

Virtlbll  Cmtt 

1.14  -  -  * 

1  14  -  -  - 

0.14  ■ 

•  M 

1  14  - 

m  m 

TIiOO  [iptnui 

12  11  -  -  * 

12  11  *  -  ■ 

02.11  * 

at  a. 

12.11  ■ 

m  m 

ISO;  OlO'Klltlon 

1  13  -  -  - 

1.11  *  "  ■ 

1.11  ‘ 

'  ' 

1  11  ■ 

Total  Irttti  Ineoni  yri  1 

-10 

1  02  Ml  por  y 

1.14  Ml  ptr  yr 

11.11  Ml 

ptr  yr 

01.02  RR 

ptr  yr 

Toto)  ITtti  Incont 

yra  1 

-10 

1  01  ■  -  - 

1  IS  -  -  “ 

1.22  ■ 

•  •• 

11.22  ■ 

•  at 

Coin  rion 

yrt  1 

-10 

1.14  -  *  - 

1121"  •  ’ 

11.20  * 

12  IS  " 

Tetol  Irotii  IncOM  yri  11 

•20 

1  11  RR  pot  yr 

11.42  Ml  par  yr 

02  .  n  Ml 

ptr  yr 

12  21  RR 

ptr  yr 

Total  Iftai  IneoM 

yM  II 

-20 

1  11  *  *  * 

0  M  •  *  • 

11.11  ' 

•  a. 

11.04  ■ 

•  ta 

Caab  Mon 

ynt  11 

-20 

1  01  -  *  ’ 

IM"  “  - 

01.11  • 

01.04  - 

trm  HiTUn  Utalitjani 

Cato  2  roo(»>il00  |M 

r  RT 

IM  •  i.n 

in  •  10.  n 

in  • 

11. n 

in  • 

20. n 

Ib/Rr 

MTA 

t/m  1  Nl/yr 

*  l/RT  t  Ml/yr 

O/RT 

0  Ml/yr 

l/RT 

0  RR/yr 

CmI  Mphthi 

O.JT* 

11.111 

100  1.11 

too  1.11 

100 

1.11 

100 

1.11 

R  V.  Nytfroft" 

l.Ul 

1.111 

212  t.lT 

212  1.12 

212 

1.12 

212 

1.12 

Teta 1i 

10.201 

12.011 

4.40 

4.40 

4  40 

4.40 

Fool  tat 

I.4M 

S.211 

100.0  .S2 

100.0  .» 

100.0 

.02 

100.0 

.12 

LK 

741 

t.MI 

140.0  .M 

140.0  .N 

140.0 

.» 

140.0 

.10 

l«|M  Froduct 

I.WS 

4.;m 

104.0  .40 

104.0  .40 

104.0 

.40 

104.0 

.41 

{ndothomtc  Fml 

i.ni 

tl.Ml 

112.0  t.fS 

110.0  0.20 

140  1 

2.10 

120.0 

0.04 

HM«y  Frodoct 

MS 

l.ltl 

US.2  .n 

tlO.I  -K 

110.2 

.20 

110.2 

.20 

Wt»t« 

Ill 

111 

02.0  .M 

02.0  .M 

02.0 

.n 

02.0 

.00 

ToUlo 

lo.tes 

12,011 

2.M 

0.40 

O.H 

0.20 

•*«•$  Mrtln  U.«T  HVr  M-W  "Vr  M  U  >M/r  ts  »  w/r 
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■nil - 

Intirtlt  litt  lOX 
To  latt  3M 
loot  Cquttjr 
Cenitint  DolUrt 


Uta  1:  raad  •  1200/NT 

in  •  5. ox 

trpit  Margin 

11  47  Ml  par  yr 

VariaOla  Cotta 

1  14  -  -  - 

riaad  Capantai 

12  10  -  -  - 

IIOL  Oapraclation 

1  01  ■  -  ■ 

Total  Pratai  Ineflaa  yri  l-io 

1  02  W  par  yr 

Total  Aftaa  Ineoaia  yri  1-10 

1.01  ■  ■  ■ 

Catti  rioa  yri  l-io 

1  04  ■  ■  - 

Total  Oratai  Incom  yri  11-20 

1  OS  M  par  yr 

Total  Aftai  Incoia  yri  11-20 

1  01  ■  -  • 

Caih  rioa  yri  11-20 

10!  ■  •  - 

IM  •  10. OX  lOR  .  IS. OX  in  .  ?O.OX 

$4.00  m  po  yr  $4  01  IW  po  yr  SO. 20  •«  par  ^ 

i  i*  *  -  "  I  14  -  -  ■  1.J4  ■  -  ■ 

12.10-  -  -  1119-  -  ■  12  19  ■  ■  - 

»  01  -  -  -  t  91  ■  ■  ■  I  93  -  -  - 

1.04  W)  par  11.15  »t  par  yr  11.02  tW  par  yr 

1  10  -  -  *  S.77  ~  -  tl.iZ  ‘  ~  " 

11.20  -  -  -  II  70  -  .  -  11  jj  ... 

11.47  m  par  yr  12.00  MN  par  yr  12.75  MM  par  yr 

1  00  -  •  -  II  19  -  -  -  II  94  -  .  . 

1  00  -  -  *  11.30  •  -  -  IJ  94  -  •  - 
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MBTlIiimc  ntis  fwacriai  -  aawwic  nwnnTimi 

MKtTtrm  CAU  »:  utiULt  CMT  >  w-fMBBT  aUIK  -m 


lootl 

ISU  ((C 

MM 

t.io 

Inttroft  loto  101 

loytUy 

m 

.u 

Tt>  loto  US 

iDtcmt  n  C«plti1.  1  yr. 

m 

.u 

tool  [«u4ty 

Conitoiit  Dollori 

Total  CoplUl 

m 

le.H 

Com  4:  Food  •  UOO/mT 

IM  • 

s  n 

IM  • 

10.01 

IM  • 

IS. OX 

IM  • 

20. os 

Cron  Mart  to 

13.47 

IM 

par  yr 

14.00 

NK 

par  yr 

14  tl 

IM 

par  yr 

IS  21 

IM 

par  yr 

Oar  lab It  Coata 

t.S4 

" 

“  • 

t.34 

- 

aa  oa 

t  34 

" 

•  “ 

t  34 

“ 

to  aa 

Fitod  (aptnaoa 

i2.it 

• 

•  • 

t2  It 

• 

ao  a. 

t2.lt 

•• 

at  ao 

t2  It 

“ 

to  ao 

ISU  Oaprtclatlon 

t  t3 

’  " 

t.ts 

t.t3 

" 

t.ts 

Total  Frotaa  Incso 

yri 

1-10 

S.02 

IM 

par  yr 

t  S4 

IM 

par  yr 

ti.is 

MM 

par  yr 

tl.l2 

MM 

par  yr 

Total  Ofta>  Incow 

yra 

1-10 

1  01 

• 

•  ta 

tit 

• 

ao  » 

1  77 

• 

m  to 

tl.22 

• 

to  to 

Caib  Floo 

yra 

1-10 

I.M 

•  ** 

tl.2t 

• 

^  • 

11.70 

“ 

to  aa 

12. IS 

' 

to 

Total  Frotai  iMoao 

r* 

11-10 

t  ts 

•M 

par  yr 

11  47 

MM 

par  yr 

t2  D« 

IM 

par  yr 

12  7S 

IM 

par  yr 

Total  4fta>  iKMo 

r» 

11-20 

t  (3 

• 

aa  oa 

t  n 

• 

m  40 

11. 3t 

• 

•»  • 

tl.t4 

• 

aa  to 

Catb  Floo 

yFt 

11-20 

t.U 

• 

•  • 

t.tt 

• 

•  • 

11  St 

to  to 

tl  14 

• 

•  • 

Irooa  ■arolii  ColcBlotln 
Com  4.  FoototSOO  Mr  MT 

IM  a 

S.os 

IM  • 

10. OS 

IM  • 

IS. OS 

IM  • 

20. OS 

Fooditoeb 

Coal  dapMha 

1b/hr 

NTA 

t/OT 

t  M/yr 

t/HT 

t  M/yr 

t/dT 

t  M/yr 

t/KT 

t  M/yr 

I.S74 

31.113 

300 

t.U 

300 

t.U 

300 

1.33 

300 

1.33 

d.U.  Mjrtroptfi 

l.Ul 

S.tll 

232 

1.S7 

232 

1.17 

2U 

1.37 

232 

1.37 

Totola 

I0.20S 

37.031 

10.71 

10.71 

10.71 

10.71 

Fradueti 

Fool  Coo 

1.43C 

S.lll 

100.0 

.S2 

100.0 

.S2 

100.0 

.SI 

lOO.D 

.S2 

LFC 

741 

t.OM 

140.0 

.SO 

140.0 

•SO 

140.0 

.SO 

140.0 

.36 

ItCht  Orodbct 

l.MS 

4.ric 

104.0 

.4t 

104.0 

.40 

104.0 

.4t 

104.0 

.4t 

lodatltoftotc  Ful 

S.MI 

21.141 

sos.c 

12.4S 

CM.I 

12.00 

CN.7 

IS.SO 

ICC.I 

14. 2S 

NMvy  FroMct 

COS 

t.its 

IIS.2 

.2S 

IIS.2 

.» 

IIS.I 

.2S 

11S.2 

.IS 

Mnu 

Its 

CU 

07.1 

M 

07.0 

.n 

07.0 

.M 

07.S 

.00 

ToUlo 

lO.tOS 

S7.ni 

14.10 

14.70 

IS.SI 

IS.M 

ITMI  Mirt4n  U  »  m/yr  M-tP  m/r  l«.ll  (M/yr  tS.tl  m/yr 
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CWOTICIIIIIC  rutLS  HWBucTiai  -  icawic  t¥«tuiTiai 
itwiTiKin  CAM  t  miULt  aai  -it  t  w-wmiuct  atpm  «i« 


r«lli1lntlw  Tiin _  litK _ 


iSIl  etc 

m 

%.i0 

Intarnt  lata  101 

(oyalty 

m 

.03 

Tai  lata  331 

Iiitarnt  on  Cniut.  1  yr. 

m 

.03 

1001  faulty 

ToUl  Capital 

m 

10. H 

Canatant  Dollart 

o. 


Usa  1:  laaO  •  tO/MT 

111  • 

S  OX 

III  • 

10 

01 

III  • 

IS. 

ox 

tm  • 

20. OX 

•ran  Margin 

t3  so  m 

par  yr 

$3.01  m 

r 

$4.02  Ml 

par 

$0.10  Ml 

par  yr 

Varlabla  Cotta 

t  20  ■ 

m  m 

in  - 

• 

$  .20  ■ 

• 

“ 

$  20  ' 

tt  m 

riiad  Capantat 

12.11  ■ 

m  0. 

$2  10  - 

• 

• 

$2  10  ’ 

■ 

" 

$2.10  " 

"  " 

ISOl  Otpraclttlon 

1  03  - 

$.01  ■ 

* 

' 

$  03  ■ 

‘ 

$  13  • 

total  Iratai  tneoa  yrt 

1-10 

t  01  m 

ptf  yr 

$.04  Ml 

par 

yr 

$110  Ml 

par 

y** 

$1  02  Ml 

par  yr 

Total  aftta  Ineona  yrt 

1-10 

$.01  ■ 

•  •• 

$  SO  ■ 

• 

• 

$  .22  ■ 

" 

“ 

$1  22  ■ 

•  " 

CttM  flan  yrt 

1-10 

$  04  - 

to  M 

$1.20  - 

* 

at 

$1.20  • 

$2  10  ' 

-  - 

Total  Irataa  Incoaa  yrt 

11-30 

$  04  MM 

par  yr 

$1.42  m 

par 

r 

$2  08  Ml 

par 

$2.20  MM 

par  yr 

Total  Iftaa  Ineona  yrt 

11-20 

$13  - 

•  • 

$  00  * 

• 

• 

$1  SO  " 

• 

•* 

$1.04  ■ 

■  • 

Catn  flan  yrt 

11-20 

1  *3  * 

at  at 

$  M  - 

• 

• 

$1.30  ' 

“ 

• 

$1  04  - 

•  • 

•ran  Haraln  CaTnlatlani 

Cttt  1 :  2tOtf>  $0  par  MT 

III  > 

0  01 

in  • 

10.01 

III  • 

10.01 

IRR  • 

20  01 

Foadatoet 

Cnl  Mapntiit 

ib/hr  NT* 

$/MT 

$  MM/yr 

.  $/MT 

$  m/yr 

$2MT 

$  Ml/yr 

$/MT 

$  Ml/yr 

1.024  31.113 

0 

0 

0 

0 

0 

0 

0 

0 

M.U.  Mydrogan 

1.031  0.110 

232 

1.32 

232 

1.32 

232 

1.32 

232 

1  32 

Tata  It 

10.200  32.031 

1.32 

1.32 

1.32 

1.32 

Praduett 

Fual  •at 

1.430  0.211 

100.0 

.02 

100.0 

.02 

100.0 

.02 

100.0 

.02 

IM 

243  t.lM 

140.0 

.M 

140.0 

.3I 

140.0 

.3* 

140.0 

.30 

light  Fraduct 

1,300  4,231 

143.0 

.M 

143.0 

•M 

143.0 

.H 

143.0 

.H 

Indathtrale  Faal 

S.ldl  21.341 

122.1 

2.22 

ttt.t 

3.20 

110. 0 

3.01 

212.3 

4.03 

•Mary  Oraduet 

•00  2.100 

1M.4 

.30 

101.4 

.30 

m.4 

.30 

101.4 

.30 

Uitta 

230  003 

134.2 

.11 

134.2 

.11 

134.2 

.11 

134.2 

.11 

Tate  la 

10.200  I2.03I 

4.21 

0.20 

$.00 

1.02 

•ran  thrfta  tl.M  W/yr  tl  M  WVyr  14. »  IM/yr  tS.»  NN/yr 
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a  s  a  a 


nmnnwc  mu  wwwtTir  -  fBIHnf  fTr'ff”"' 

CAM  t.  miMLi  CKi  -la  t  r-wwacT  amis  *ig 


CMiullatfi  tinf 


!$«.  UC 

m 

•  30 

Inttmt  Otto  101 

lpy«U> 

m 

.03 

Tai  loto  331 

on  CaolUI.  1  yr. 

m 

.13 

1001  Eoulty 

Tetil  CopUt) 

m 

10.10 

Conitont  Dollort 

Com  1  rood  •  tlOO/MT 

IM  •  S  01 

tn  •  10.01 

in  • 

11. n 

160  • 

30. OX 

firoto  Morpin 

13  31  W  par  yr 

13.01  ••»  par  yr 

14  13  n 

par  yr 

11.10  m  par  yr 

VorUblo  Cottt 

1  36  -  *  - 

1  36  -  -  - 

1  36  - 

to  • 

1  36  - 

ao  • 

f  laod  Iipofiioo 

12  1»  -  -  - 

13.10  -  -  * 
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